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PREFACE. 



The work before the reader has beeo prepared w4th a desire 
to aid the manufacturer of Oils in his avocation. It is more 
practical than theoretical. 

A great deal of valuable infonnation relating to the pro- 
duction of the hydro-carbon oils from bituminous minerals, is 
scattered throughout the French, German, and English scien- 
tific Journals, and numerous patents granted in those countries, 
to which the public have not convenient access. The infor- 
mation collected from those sources, that seemed applicable 
to the present treatise, has been carefully recorded therein. 

The author has had much experience in the manufacture 
of the oils referred to, and during a period of several years, 
while he was engaged as a consulting chemist in the actual 
working of manufactories, he endeavored to discover and 
inscribe every useful fact having a bearing upon the subject. 
Those facts are communicated in the body of this work. 

It is hoped that the professional chemist will find upon the 
pages of this volume, something to interest him, and espe- 
cially as regards the homologous compounds of carbon and 
hydrogen. 
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VIU PREFACE. 

The recent discoveries of vast reservoirs of petroleum in 
the Western and Southern States of the Union, have received 
a due share of attention ; and the most accurate information 
regarding their supplies of oil, that could be obtained, has 
been recorded. 

To assist the engineer and machinist, such drawings have 
been introduced as were called for in a work intended for 
general application in a most valuable and important branch 
of modem industry. 

Niw YOBK, Nov., 1860. 
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CHAPTER I. 

Early records and progress of the distillation of oils from coals and other 
bituminous substances. — Introduction of kerosene, patents, petroleum, 
varieties of coals ; their origin and composition. — Effects produced upon 
coals by heat. — Variety of oils distilled from coals, bitumen, etc. — Pro- 
ducts of common bituminous coals, etc. 

In a treatise devoted to the manufacture and purification 
of oils, it might be deemed proper to consider the oleagi- 
nous substances derived from the animal and vegetable 
kingdoms; but the present treatise is intended to give a 
descriptive account of the mineral oils only, and the 
modes by which they are manufactured and purified. 

The rapid advances made during the last ten years in 
developing mineral oils, and their growing importance to 
the world for illuminating, and various other purposes, 
give them a value not rivalled by the whale fisheries of 
the Atlantic and Pacific Oceans. 

The ancient inhabitants of different parts of the world, 
civilized and barbarous, were acquainted with those natural 
oils which flow from the earth, namely, mineral oil, or 
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8 .'•• EARLY RECORDS. 
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niphlha, bitumen, etc. The Persians, Burmese, and other 
' nations still continue to employ those substances in their 
,': arude state to give light, and for medicinal purposes. As 
^ '• " '.' early as 1694 Eeele, Hancock, and Portlock made ^^ pitch, 
tar J and oyk out of a kind of sijone^'* and obtained patents 
therefor. In 1761 oils were distilled from black bitumi- 
nous shale, and were employed in the cure of certain dis- 
eases, as stated in Lewis's Materia Medica for that year. 

More than a century ago oils were obtained by the dis- 
tillation of coals, but the purification of those oils, and their 
application to the common requirements of life, have been 
slow in their progress, and are not even now brought to 
perfection. The papers of the Royal Society of London, 
the Philosophical Transactions, and other European publi- 
cations, give accounts of the distillation of oils from coals 
and other bituminous substances. In 1781 the Earl of 
Dundonald obtained oils from coals by submitting them to 
dry distillation in coke ovens, like those employed by some 
manufacturers of the present day for the same purpose. 
Laurent, Reichenbach, and others distilled the tars obtained 
from bituminous schists. These tars were purified in some 
degree by Selligue, and the oils subsequently obtained an 
extensive sale in Europe for burning in lamps, and for 
lubricating machinery. Many other chemists have from 
time to time contributed improvements in the purification 
of hydrocarbon oils. 

The discovery of coal gas brought a new class of oils 
to the notice of the chemist, but the purification of those 
oils, and their application to useful purposes, have been but 
slowly advanced. 

The first successful attempt to manufacture oils from 
coals in America was made by the author of this work. 
Oil from coal was made and consumed in lamps by him in 



PATENTS. 9 

his public lectures at Prince Edward's Island, in August, 
1846, and subsequently at Halifax, Nova Scotia, accounts 
of which are still extant. The patents afterwards obtained 
for^ his improvements were sold to the North American 
Kerosene Gas Light Company, and the oils are now manu- 
factured and sold under the denomination of " Kerosene 
Oil."* Several patents, obtained by other persons at later 
dates, are but modifications of the modes of manufacture 
previously laid down, and contain but little that is new in 
principle. 

Patents were granted in England, in 1847, to Charles 
Mansfield, for " an improvement in the manufacture and 
purification of spirituous substances and oils applicable to 
the purposes of artificial light," etc. Mr. Mansfield's ope- 
rations appear to have been chiefly directed to the coal tar 
of gas works, from which he obtained benzole. He was 
perhaps the first to introduce the benzole or atmospheric 
light, which is described at length in his specifications. 

James Young, of Manchester, secured a patent in England 
(Oct. 7, 1850), and subsequently in the United States 
(March 23, 1852), for " the obtaining of paralBfine oil, or an 
oil containing paraffine, and paraffine from bituminous 
coals." These patents have been the subject of much dis- 
cussion, and law proceedings have been instituted by Mr. 
Young against several oil companies for infringements of 
his alleged rights. The manufacture has nevertheless 
advanced rapidly, and has been extended to the chief cities 
of the Atlantic seaboard, and over the coal regions of the 
West. The claims of those patents extend to the distilla- 
tion of coal in close vessels, and to the degree of heat 
employed for that purpose. The oils produced by Mr. 
Young's method are inferior in color, odor, and illumi- 

* From Knp6Si wax, and iXaior^ oil. 
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NTTliBEKOF PATENTS. 11 

nating properties to those now manufactured by other che- 
mists, and as his claims are under the consideration of the 
legal authorities, with them the decision should be left, 
without the interference of public writers. 

The progress of discovery in this case, as in others, has 
been slow and gradual. It has been carried on by the 
labors, not of one mind, but of many, so as to render it 
difiScult to discover to 4wrhom the greatest credit is due. It 
is, notwithstanding, just to admit, that from the facts dis- 
closed in the beforementioned patents, a spirit of inquiry 
was aroused, and experiments were multiplied. Almost 
all the patents that have recently been granted embrace the 
leading features of former discoveries, and some of them 
are characterized by a total lack of invention, and a desire 
to evade the claims of others. 

The total number of patents granted, with inventions 
and improvements claimed for the manufacture and puri- 
fication of oils from coals and other bituminous substances, 
since 1781, are more than one hundred in number, and 
upwards of forty patents have been granted for retorts, 
stills, and other apparatus connected with this branch of 
industry.* 

Since the introduction of kerosene into the market, coal 
lands of every description within the limits of the United 
States have been explored, and bituminous clays, sands, 
and peat, have become objects of great interest. The pro- 
ducts of those materials have been overrated, and the cost 
of manufacture underrated, by stockholders of coal oil com- 
panies. 

During the past year numerous springs of petroleum 
have been opened in some of the Western States, and oils 

* See Reports of Patent laventions, European and American, also The 
American Joumcd of Science and AriSj vol xxx. 1860. 
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are produced . from them which are not inferior to those 
obtained from the most approved varieties of coal. A 
description of those oils, and the best practical methods for 
their purification, will be given in another part of this 
work, and if the above springs maintain their present sup- 
ply, they will materially affect the distillation of oils from 
coals, bitumens, and other kindred materials. 

Coal is evidently of vegetable origin, and consists chiefly 
of plants which have been subjected to great pressure, heat, 
and chemical agencies through vast periods of time. Its 
value to commerce, manufactures, machinery for warlike 
purposes, and for oils, is beyond computation. 

The varieties of coal have heretofore been classed under 
the heads of 

Anthracite, or Hard Coal, 
Caking Coal, 
Cherry Coal, 
Splint Coal, and 
Cannel Coal. 

These five varieties have the following composition : — 
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Other varieties of combustibles have been arranged by 
Berthier in the fpUowing manner : — 
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in loo parts. 
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The names given to combustible substances have been 
applied with reference only to their common characters and 
nses. Frequently coals bear the names of the places where 
they are mined. Few of their appellations have any 
reference whatever to their chemical composition, and 
therefore in seeking for oil coals (if the term may be used) 
the manufacturer must be directed by an actual test of the 
material itself 

In the same coal field, the same series of strata, and in 
the same stratum, there are important differences of compo- 
sition. It is as providential as wonderful that the carbo- 
naceous material of the same deposit is adapted to different 
uses. 

The varieties of coal may have been produced from the 
different kinds of plants from which the coal has been 
derived, and the peculiar conditions of the districts where 
those plants flourished before their downfell and inhuma- 
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14 COMPOSITION OP COALS. 

tion, or submersion. The changes that have taken place 
in the original plants during their passjige from woody 
fibre into coal, are ascribed to the evolution of a part of 
their carbon, hydrogen, and oxygen, as there is less of those 
elements in the coal than in wood. This will be observed 
by viewing the following table : — 

Oxygen 
Composition of the Anthracites of the * ~" 

Transition Rocks 90* 
" " Bituminous Coal of the 

Secondary Rocks . 86' 
" •* Lignites of the JVr/iary 

Rocks . . . 60-36 
Wood (recent) 4960 5*80 42*56 

It will also be observed that the older the formation 
the greater the amount of carbon contained in its coal, the 
amount of hydrogen being diminished. This fact may be 
ascribed chiefly, or in part, to the greater degree of heat 
and pressure to which the lower and older coal strata have 
been, and still are subjected. 

The gases of deep coal mines are very similar to those 
of gas manufactories, and such as are produced by a high 
temperature. The deeper the mine the greater is the dis- 
charge of carburetted hydrogen. It is to the internal heat 
of the earth, and other chemical agencies combined with 
causes of less force, that we must chiefly ascribe the trans- 
mutation of wood into coal. The similarity of the distilled 
products of wood and coals, and of charcoal and coke, should 
not be overlooked in seeking for proofs of the vegetable 
origin of coal. In mines of lignite and cannel coal car- 
bonic acid or choke damp is almost the only gas present. 
In lower coal mines, or those that have been longer under 
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the influence of heating and other chemical agents, carbu- 
retted hydrogen ovfire damp predominates. 

Liebig has shown the great loss of oxygen, and increase 
of hydrogen and carbon in lignite and brown coal during 
their transition from a vegetable to a fossil state ; still there 
is much that remains unexplained regarding other kinds of 
coal. 

With a view to a proper arrangement of the subject, 
various materials capable of yielding oils by distillation 
will be considered in regular order. The chief of those 
materials, so far as present discoveries extend, are coals, 
bituminous shales, asphaltum, bitumen, bituminous sands 
and clays, petroleum, lignite, peat, caoutchouc, gutla 
percha, and the tars produced in the manufacture of 
stearine. 

When organic bodies are exposed to heat, with' the free 
admission of air, they undergo combustion. The greater 
part of the carbon is expelled in smoke, or in carbonic acid, 
the hydrogen in water, or carburetted hydrogen, and the 
nitrogen, if any be present, escapes in some compound of 
ammonia ; but if those substances have heat applied to 
them in close vessels, there are new results, and a greater 
interchange of elements takes place. 

In 1730 Hales distilled substances to discover if they 
contained air. In 1773 the same gentleman and Dr. Wat- 
son obtained gas from coals, and in 1786 Lord Dundonald 
burned the gas that arose from his coke ovens at the ends 
of iron pipes for the amusement of his friends. In 1792 
Mr. Murdoch commenced lighting buildings with coal gas, 
and since that period gas lighting has been extended to 
every quarter of the globe. Besides the gas employed for 
illumination, it was thus early observed, that other gases 
and oils were produced by the distillation of coals. The 
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discovery of coal oils is therefore as old, if not older, than 
the discovery of coal gas, and cannot now be justly claimed 
by any living man. 

When substances composed of carbon, hydrogen, and 
oxygen are submitted to dry distillation, the first effect is 
to remove oxygen from the body in the form of carbonic 
acid, or water. After the oxygen has been removed car- 
bon and hydrogen escape, as carburetted hydrogen, or 
olefiant gas. If some of the acids are distilled they lose 
oxygen in the form of carbonic acid and water, and are 
converted into new acids. Organic acids distilled with 
strong bases part with the elements of carbonic acid, which 
uniting with the base and the acid, minus the carbonic acid, 
comes over in the form of a new product. 

If a quantity of coals be placed in a suitable retort, with 
a condensing apparatus attached, and heat be gently and 
gradually applied thereto, the first result will be the escape 
of water in the form of vapor, or steam, and frequently 
mixed with an extremely light, volatile, and inflammable 
hydro-carbon, which is but partially condensable into a 
spirit, or oil. The hygroscopic water contained in the coal 
appears in the form of vapor, sometimes mixed with car- 
bonic acid, and if the coal contained nitrogen ammonia is 
among the products. Then as the heat is increased a 
series of oils of different specific gravities are condensed, 
the lightest or first distilled having the character of a spirit 
rather than an oil ; finally, when the heat has been raised 
to 750^ or 800^ Fah., gas, free carbon, and a number of 
pyrogenous substances appear, known as dead oil, which 
mixes mechanically with the aqueous products, and settles 
to the bottom of the receiving vessel. Throughout the dis- 
tillation more or less water, formed by the oxygen and 
hydrogen present, continues to flow. Usually in proper 
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retorts the oils will all distil over at a temperature of 750° 
Fah. A higher degree of heat produces permanent gases* 
from any volatile matter that may remain in the charge ; 
but besides the elements before-mentioned, coal frequently 
contains sulphur and other, minerals, wliich, by entering 
into new combinations during the distillation, yield other 
compounds, the modus operandi of whose formation is not 
well understood. In all these changes electricity plays an 
important part, and this remark will apply to all the pro- 
ducts obtained by the distillation of bituminous and olea- 
ginous materials. In the retort there remains a.quantity 
of fixed carbon, or coke, united to the ash, which usually 
consists of silica, alumina, lime, and the oxides of man- 
ganese and iron. 

The results here described are greatly modified by the 
kind of coals used, the degree of heat applied, and the 
mode by which the oleaginous vapors are condensed. The 
shape of the retort, the weight, or thickness of the charge, 
and the position and size of the discharge-pipe, also have 
an influence over the yield of oil, and the time required 
for its production. 

In general, coals which yield the greatest amount of vola- 
tile matters, exclusive of hygroscopic moisture, afibrd the 
most oils, and estimates are often formed of their value by 
a simple test of the weight of matter expelled by the appli- 
cation of a moderate degree of heat This test, however, 
is often delusive, as some coals expel much more free car- 
bon during their distillation than others, and the sulphur 
contained in coal adds nothing to the oil, while it consti- 
tutes a part of its volatile products. Nor does such a test 
afibrd much information regarding the quality of the oils 
a given quantity of coal will supply. A long smoky flame 
is indicative of much free carbon, a shorter and more lumi- 
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nous flame denotes that there will be much fixed carbon in 
the coke. Some varieties of coals are peculiarly adapted 
to the manufacture of gas, as their chief products by heat 
are carburetted and bicarburetted hydrogen; such coals 
do not always contribute the most oils. 

It is of the utmost consequence to the manufacturer 
of coal oils to know the quality as well as the quan- 
tity of the oils any one material will aflTord. For this 
the only reliable test is to submit the material to dry 
distillation, and the whole process by which coal oils are 
purified.^ 

It will be seen hereafter that coals, coal shales, asphal- 
tums, petroleums, and other bituminous substances, yield 
not one, two, or three oils; but series of homologous 
compounds. Some members of these series are of high 
specific gravity, some of low, or, as the oils are called, 
heavy and light ; the light being eupion, or benzole, the 
heavy the oil pressed from parafiSne, and, finally, the solid, 
as parafiine, naphthaline, etc. 

These several series of hydrocarbons are greatly influ- 
enced by the heat employed in their distillations, the con- 
densers, and, finally, their mode of treatment Again, there 
are not two kinds of coal that will give the same products, 
even by the same modes of manufacture. Some yield much 
light, others much heavy oil ; some send over much paraf- 
fine, and what are called by manufacturers impurities, 
namely, naphthaline, carbolic acid, copnomor, etc., ever 
attending the distillates. It is from ignorance of these 
facts, and of the chemistry of the above productions, that so 
much smoky and off*ensive oil is seen in the market. 

Few common bituminous coals can be successfully 
employed in the oil tnanufectory ; their distillates abound 
in creosote, or carbolic acid, and their purification is expen- 
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sive. Asphaltums, bitumens, bituminous shales and clajs, 
and cannel coals, are the most productive of oils. A table 
setting forth the respective merits of a number of those sub- 
stances will be appended to the next chapter. lA few of 
them deserve particular notice. 
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CHAPTEE n. 

Materials employed for tlio production of oils. — Boghead coal.— Albert coal, 
— South Boghead coal. — Brown coal — Bitumen of Trinidad, Cuba, United 
States, Canada, etc. — Extent of coal fields. — Petroleum springs. — Origin 
of petroleum. — Table of bituminous substances, etc. 

BOGHEAD COAL, OR BITUMINOUS CLAY. 

This peculiar mineral occurs at Torbane Hill, in the car- 
boniferous limestone of the Frith of Forth, Scotland. It is 
the material from which Mr. Young obtains paraffine oil 
and paraffine, and his manufactory is in the immediate 
vicinity of the mines. It has been extensively shipped to 
the United States, and employed in the manufacture of 
kerosene at New York and Boston. During the year 1859 
the North American Kerosene Gas Light Company im- 
ported upwards of 20,000 tons of this material for the sup- 
ply of their works at Newtown Creek, Long Island, and at 
an average cost of eighteen dollars per ton. In consequence 
of the discovery of numerous strata of cannel <joals in the 
Western States of this country, and of cheaper substances 
for the production of oils, the importation of the Torbane 
ilill mineral will doubtless be discontinued. 

Although this mineral possesses few of the characteris- 
tics of a true coal, the term coal has been applied to it for 
commercial convenience. It has been the source of long- 
continued and expensive lawsuits. The point in dispute 
affected the ownership, whether it was coal, or not coal. 
Numbers of the most scientific men in Europe were 
arraigned before courts and juries to decide whether the 
so-called Boghead coal is coal, or bituminous clay. There 
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was a decided preponderance against the term " coal^^'* and 
in favor of "bituminous clay." Finally the contending 
parties compromised, and the term coal was permitted to 
be applied, although the bitumen of the Great Pitch Lake 
of Trinidad has an equal right to that appellation * 

Boghead coal is among the most valuable minerals for 
the manufacture of oils. It has an uneven fracture, is of an 
earthy color, and burns with a long smoky flame. It 
yields 13,000 cubic feet of gas, of specific gravity 0'775, per 
ton. As it contains only traces of nitrogen, the quantity 
of ammonia given off is small. The following is the 
medium result of four trials in testing its qualities :-r- 

Volatile matter .... 70-10 
Carbon in coke . . . . 10*30 
Ash 19-60 



100-00 

The ton of coal run in common retorts gives 120 gallons 
of crude oil, of which 65 gallons may be made into lamp 
oil, 7 gallons of paraffine oil, and 12 lbs. of pure paraffine. 
The coke is worthless, and the ash consists chiefly of silica 
and alumina. At a price of 11 dollars per ton for the coals, 
the coast of the oil is estimated at 63 cents per gallon.! 

ALBERT COAL. 

This bituminous mineral occurs at Hillsboro', Albert 
County, in the province of New Brunswick, and within 
four miles of the Peticodiac River. It is an injected vein, 
situated almost vertically in the earth, and from one to six- 
teen feet in thickness. It is associated with rocks highly 
charged with bitumen, and has neither roof, floor, under- 

• London Journal of Gas Lighting^ iiL 521. Young vs. White, and others, 
f Report of the Comraitteo North American Kerosene Gas Light Company. 
New York. 1860. 
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clay, nor stratum of siigmaria, nor other accompaniments 
which distinguish coal deposits from all others.* 

The Albert coal, so called, is extremely brilliant, breaks 
with a conchoidal fracture, does not soil the fingers, and is 
strongly electric. It melts, and drops in the flame of a 
candle, and dissolves in naphtha and other solvents, form- 
ing a varnish. It has all the essential properties of 
asphaltum, while it is void of those which constitute true 
coal. Like the mineral of Torbane Hill, it has been the 
subject of disputes and lawsuits, the total cost of which 
has exceeded thirty thousand dollars. If the substance 
were coal, the coal was the property of one party ; if asphal- 
tum, the asphaltum belonged to another. Coal had been 
reserved by the Crown of Great Britain ; but asphaltum 
was not mentioned in the grants of the land. In April, 
1852, an intelligent jury, who analysed the mineral at Hali- 
fax, decided that it was asphaltum, and not coal. Another 
trial was held in the county where the so-called Albert coal 
is mined in July of the same year. It lasted eleven days. 
Chemists were summoned from every quarter,' and under 
the most conflicting testimony, and with a jury of farmers, 
the advocates for coal obtained a verdict, and the asphaltum 
has since been called Albert coal. The composition of the 
Albert coal is as follows : — 



Carbon , 




86-307 


85-400 


Hydrogen 




8-962 


9-200 


Nitrogen 




2-930 


3-060 


Sulphur 




traces 


a trace 


Oxygen 




1-971 


2-220 


Afih 




o-iop 


0-120 




100-000 


100-000 




C. M. Wetherell. 


Gesner. 



♦ See Taylor on Coal, 2d edition, p. 516. 
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The average yield of crude oil by four trials in large 
retorts was 110 gallons per ton, and 

Volatile matters 61-050 

Coke 30-650 

Hygroscopic moisture .... 0*860 

Ash 7-440 



100-000 



Of the crude oil 70 per cent, may be made into lamp oil, 
10 per cent, is heavy oil and paraffine. The coke is exceed- 
ingly brilliant and cellular ; it bums rapidly, and gives a 
strong heat. 

BRECKENRIDGE COAL. 

The Alleghany, or Apalachian coal field of the United 
States has been estimated to embrace 63,000 square miles. 
Interstratified with the common bituminous coals, in this 
vast region there are very numerous strata of cannel coals, 
adapted to the manufacture of oils. In the numerous sur- 
veys and valuable reports made on the coal districts, cannel 
coals are seldom described as a distinct variety. 

A peculiarity of the great Western coal field is, that the 
coal does not appear to be separated into basins, or lake- 
like depressions in the earth, as it is in Europe, and in the 
anthracite coal districts. The bituminous coal is foiind in 
the tops of hills, and even in the Alleghany Mountains, in 
beds nearly horizontal, and it displays the same peculiarity 
as it stretches away towards the Gulf of Mexico, the 
Canadian Lakes, and the Bocky Mountains. 

Among the cannels that have been discovered Brecken- 
ridge coal holds an important place. This coal occurs in 
Breckenridge CJounty, Kentucky. It is a rich variety of 

8 
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cannel, three feet in thickness, and has already supplied a 
large amount of oil and paraffine. The lamp oil, when pro- 
perly purified, is of good quality ; although the oil heretofore 
sent from the tnanufactory near the mine to the New 
York market has been generally inferior in color and odor. 
At a red heat this coal yields — 

Volatile matters .... 61-300 
Fixed carbon • 30000 

Ash 8-055 

« 

Hygroscopic mixture . . . "645 

Sulphur, a trace 



100000 



By the ordinary methods of working, this coal yields 130 
gallons of crude oil per ton, of which 58 per cent, was 
manufactured into lamp oil, and 12 gallons into paraffine 
oil and jparaffine. The quality of the coal is variable, and 
the products are very much influenced by the degree of 
heat applied to the retorts in the distillation. 

CANDLB TAB. 

The tar and pitch resulting from the manufacture of 
Btearine have been employed for the production of oils. 
Large supplies have been imported from England into the 
United States, and sold under the names of " grease " and 
candle tar. The ordinary yield of crude oil from this mate- 
rial is 200 gallons per ton, of which 70 per cent, may be 
made into lamp oil, and 10 per cent, into lubricating oil. 
The oils are excellent in quality ; but heretofore the first 
distillation of the tar has been attended with inconvenience, 
as it " foams up " in the retorts, and the coke adheres very 
firmly to their sides. The price has varied from 25 to 40 
dollars per ton. 
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SOUTH BOGHEAD COAL. 

Near Poole (England) there occurs a peculiar kind of 
shale, which has been sold as " South Boghead Coal." It 
abounds in the remains of fishes and Crustacea. It gives 
out 42 per cent, of volatile matter, and therefore has offered 
an object of trial to oil-makers ; but the oils made from 
this rock contain a greater number of the equivalents of 
carbon than those derived from coals, or bitumens, and with 
the ordinary density they smoke in the common lamp. It 
seems quite evident that the elements of the oil — carbon, 
hydrogen, oxygen, and nitrogen, now composing the shale, 
in part) have been derived from fishes and other marine 
animals, and not from the vegetable kingdom, as in the 
case of coal. 

BROWN COAL. 

Singular beds of brown coal have been discovered 
on the Ouachita River, Arkansas, and at other places in 
that quarter. They contain the remains of sphagneous plants 
and woody fibre. It appears that peat bogs have been 
overflown, or otherwise saturated with petroleum, and 
hardened by time and oxidation. The oils distilled firom 
this material abound in paraffine. It has the following 
composition in 100 parts : — 

Volatile matters condeoBed into oils, and gas unoondensed 60*10 

Fixed carbon 32*85 

Ash 7-05 



100*00 
Crude oil at the rate of 68 gallons per ton was obtained 
from it. It is semi-solid when the thermometer is at 80°. 
Fah., and, besides lamp and lubricating oils, it produces 
148 lbs. of paraffine per ton. 
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BITUMEN OF TRINIDAD, CUBA, ETC. 

The celebrated Pitch Lake of the Island of Trinidad* is 
upwards of three miles in circumference, and forms the 
head of La Brae harbor. At the time of the author's visit 
to the place, the bitumen, of the consistence of thin mortar, 
was flowing out from the side of a hill, and making its 
way outwards over more compact layers towards the sea. 
As the semi-solid and sulphureous mineral advances, and 
is exposed to the atmosphere, it becomes more solid ; but 
ever continues to advance and encroach upon the water of 
the harbor. The surface of the bitumen is occupied by 
small ponds of water — clear and transparent, in which 
there are several kinds of beautiful fishes. The sea, near 
the shore, sends up considerable quantities of naphtha from 
submarine springs, and the water is often covered with oil, 
which reflects the colors of the rainbow. Li the cliflfe, along 
the shores, there ar« strata of lignite, in which it has been sup- 
posed by some the bitumen and naphtha had their origin. 

It was from this bitumen the author first obtained kero- 
sene, which diflers in some degree from " coal oil." The 
bitumen is of a grey color, somewhat brittle, but still yield- 
ing, more or less, to the summer heat of the sun. A cargo 
of broken masses will consolidate itself in a ship's hold in 
such a manner as to require mining before it can be dis- 
charged. Its shipment has been refused under the belief 
that it strains the vessel. The following is the result of 
several trials made with reference to its application for the 
manufiacture of oils : — 

Specific gravity 0*882 

Crude oil by first distillation ... 71 gallons 

Oils by second distillation per cent . 62 " 

Paraffine per cent If 

* See the frontispiece. 
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Of oil proper for lamps it gave 42 gallons per ton, and for 
lubrication 11 gallons. A bitumen yielding more than the 
above quantities of oils may be obtained in small quanti- 
ties on the borders of the Great Lake. The odor of the 
oils obtained firom Trinidad bitumen has heretofore been 
very offensive. It may, however, be removed by proper 
treatment. 

There are several extensive mines of bitumen (chapapote) 
in the Island of Cuba, and springs of petroleum have been 
known to the Spaniards since the early settlement of 
Havana. The average product of crude oil obtained from 
this bitumen is 120 gallons per ton. It has recently been 
shipped to England for manufacturing purposes ; but with 
all the skill that has been applied to them the oils retain 
their objectionable odor. 

Central and South America abound in asphaltum, bitu- 
men, petroleum, and bituminous clay, which have begun to 
draw the attention of enterprising Americans. The latter 
is an excellent article, and its oils are free from many of 
the impurities so often contained in coal oils. 

Valuable deposits of bitumen have been discovered in 
California and Nicaragua. The asphaltes of Coxitambo, 
Peru, have long been known. Bitumen and petroleum 
also exist in Canada, in the county of Eambton, one hun- 
dred miles east of Detroit. The naphtha of Rangoon has 
been shipped from Burmah to England, and, after purifica- 
tion, to the New York market for sale. It yields three per 
cent, of paraffine, and much heavy oil. A vein has recently 
been discovered near Cairo, thirty miles east of Parkers- 
burg, Virginia. It is represented as a perpendicular mass, 
jutting out from the side of a hill two hundred and ninety 
feet The strata of the hill are nearly horizontal, and they 
are cut at right angles by the continuous vein of the bitu- 
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minous mineral, which is four feet eight inches in thickness. 
The position of the vein has been ascertained by the pro- 
prietors, who have sunk a shaft upon the line of the out- 
crop. A sensible description represents that it appears the 
bill has been split, a perpendicular chasm opened, and after- 
wards filled with asphaltum in a liquid state, and which 
has since hardened into a compact material. Coal never 
occurs in this manner ; but is always interstratified with its 
associate sandstones, shales, and fire clays. In all its geolo- 
gical relations and character, the Cairo deposit is like the 
asphaltum of Albert County, New Brunswick. The bitu- 
men veins of Cuba . have similar positions in the earth. 
The Cairo asphalt will no doubt be found valuable for the 
manufacture of oik. But it is the oil resources of the 
United States that more particular descriptions are called 
for. The geology of bitumen and petroleum opens a wider 
range for investigation than this work is intended to take. 



PETBOLEUM SPRINGS AND BITUMEN OF THE UNITED 

STATES. 

Among the number of natural productions adapted to 
the manufacture of oils within the limits of the United 
States, none appear at present to be of greater value than 
the petroleum of the coal region. The " Seneca or Gene- 
see oil " has long been known, collected, and employed 
for medicinal purposes. It occurs in the State of New 
York, at Cuba, Cayuga Lake, in Cataraugus County, Syra- 
cuse, and other places. At Fredonia, Chautauque County, 
natural jets of carburetted hydrogen issue from the earth. 
The gas is collected in gasometers, and employed for light- 
ing houses. Similar streams of gas have been found at 
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other localities.* These gas jeta are evidently connected 
with the naphthalous springs, and are the result of decom- 
posing agencie£f going forward in the earth. 

It has been already stated that the Alleghany bituminous 
coal field occupies an area of 68,000 square miles.f The 
number of those square miles in each of eight different 
States has been set down in the following manner : j: 



Na 

1 
2 

3 

4 
6 
6 
7 
8 


Statis. 


ArcaoftheStettt. 


Area of Bitnmlnooa 
C«al Strato tbarein. 


Alabama .... 
Georgia .... 
Tennessee . . . 
Kentucky • . . 
Virginia .... 
Maryland .... 

Ohio 

Pennsylvania . . 


Square Milea 

61,770 
68,000 
46,000 
40,600 
64,000 
18,960 
44,400 
47,000 


4,300 

160 

4,300 

9,000 

21,000 

660 

11,900 

16,000 


Total 


364,620 


66,200 



At numerous places, and throughout almost the whole 
extent of this coal region, reservoirs of petroleum, deep in 
the earth, and springs of the oil have been found to exist, 
and frequently associated with salt water, and doubtless 
salt itself. 

* Vanuxim's first Annual Geological Report of the State of Ne^r York. 
1837, p. 196i 
f Transactions Assa American Geologists and Naturalists, vol L, p. 436. 
X Taylor, Statistics of Coal, 2d ed., p. 271, 
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The original manufacture of kerosene, for which the 
public is much indebted to the New York Kerosene Gas 
Light Company, was followed by the manufacture of " coal 
oil." The celebrity the oil has obtained for illumination 
has led many to examine the earth, not only for coals, but 
for every mineral that will afford oil by distillation. The 
result has been remarkable. In some instances the borings 
made for salt water have given vent to petroleum in large 
supplies. In places where there have been indications of 
the mineral oil at the surface, the earth's crust has been 
perforated, and the petroleum is now pumped up, and 
constantly flowing from its deep subterranean cisterns.* 
What is the value, it may be asked, of 63,000 square miles 
of country which yields coal, iron, oil, and salt, beneath 
its fertile soil ? ! ! I Here are the elements of strength, heat, 
light, food, and the giant steam opened at once to the 
science, skill, and untiring energy of an enterprising people. 

Mineral oil, or petroleum was known to the ancients, and 
employed by them for various purposes. Herodotus treats 
of the wells of Zakanthus, now called Zante, which still 
yield bitumen. Plutarch describes the spectacle of a sea 
on fire, or lake of inflamed petroleum, near Ecbatana. The 
perpetual fires that burnt at the Pagan shrines are supposed 

♦ To obtain the petroleum, holes of three and four inches diameter are 
drilled through the dtbris of the surface and the rocks beneath. When the 
oil is " struck " it is forced out by the pressure of the gas below, and flows 
for some time without the aid of a pump. An iron pipe is inserted into the 
hole, and so contrived that the surface water shall not enter the well. To 
the top of this pipe a pump is attached, and worked by hand, or by steam 
power. So great is the discharge of tlie petroleum, in some instances, that 
suflBcient vessels cannot be obtained for its reception, and it runs in oily 
streams over the surface. Some springs jrield 200 barrels per day. A reser- 
voir of oil has been opened near Tideout, Erie County, Pennsylvania, at a 
depth of 110 feet, which yields 300 barrels per day. 
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to have been produced by springs of mineral oil inflamed 
at the surface. The springs of the United States were 
known to, and the oils used by the now dispersed tribes of 
Indians. Between the mouth of Oil Creek and Titusville, 
Pennsylvania, old vats are to be seen, and trees are now 
growing upon the earth thrown out in the sinking of pits 
to collect the naphtha of the surface.* At the present time 
the principal borings for oil are in Pennsylvania, Virginia, 
and Ohio. Explorations, and the sinking of pipes, have 
been commenced in Alabama, Georgia, Tennessee, Ken- 
tucky, and Maryland. The average depth at which oil is 
obtained has not yet far exceeded two hundred and fifty 
feet. Deeper sinkings may hereafter be found profitable. 
Carburetted hydrogen gas firequently escapes from the pipe 
when it is first let down into the earth, and sometimes salt 
water rises with the oil. Accurate records have not been 
kept of all the strata penetrated ; but they appear to consist 
chiefly of limestone, sandstone, and shale. At the present 
time upwards of five hundred and fifty wells have been 
opened, or the borings are in progress. From the wells to 
which pumps had been applied, twenty-five thousand gallons 
of crude oil are raised daily, and the quantity is rapidly 
increasing. Before this report can go before the public, it 
is quite safe to state that the daily supply of petroleum will 
amount to thirty thousand gallons per day, for the supply 
of lamps, and to relieve the friction of machinery.f The 



♦ As early as 1845, Lewis Peterson, Esq., of Alleghany County, Pennsyl- 
vania, opened two springs of petroleum while boring for salt water. In 1847 
these springs gave from thirty to forty gallons per day. The oil was sold 
for medicinal purposes, and the supply from the springs has not abated. 

f In Illinois the petroleum occurs in a porous limestone, through which 
the oil filters. This rock has been called the prairie gas stone, and is proba* 
bly of great extent 
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introduction of kerosene into the United States gave 
rise to poetical descriptions of the long and lasting holi* 
day the whales of the sea would enjoy from the substitution 
of oils from coals for oils from animals. It now appears 
that the dreams of those who advocated peace with the 
marine mammalia are to be realized. The purified petro- 
leums not only afford liquid oils, but also the solid paraf- 
fine, which for candles exceeds in beauty, and equals in 
light, the pure sperm taken from the heads of the finny 
monsters of the sea. 

Besides the petroleums before-mentioned, a bed of bitu- 
men has been discovered in Bitchie County, Virginia, as 
reported from that quarter. The samples received from 
this new mine are bright, glossy, and brittle. They are 
rich in oil, and yield at the rate of one hundred and seventy 
gallons per ton. This bitumen is evidently petroleum, which 
has at some remote period issued from the earth and been 
hardened by evaporation and exposure to the oxygen of 
the atmosphere. The oil springs frequently occur in the 
immediate vicinity of the coal. They are within the bor- 
ders of the coal field, and there can be no doubt that the 
oil and the coal had one common origin. An idea has 
been thrown out that the petroleum has been distilled from 
the anthracites of Pennsylvania and bordering country, as 
those anthracites in general contain no bitumen. But the 
anthracite coal field is separated from the bituminous 
coal region, and the chief districts of the oil springs by 
the Alleghany mountains, and it is scarcely reasonable to 
bdieve that the bitumen derived from the anthracites ever 
penetrated through, or beneath lofty mountain masses of 
primary and metamorphic rocks. 

The feet has been very clearly made out, that the slow 
and gradual passage of wood into coal is accompanied by 
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the escape of carbon and hydrogen in the form of carbu- 
retted hydrogen. -^The oils themselves are compounds of 
carbon and hydrogen. The one is a gajs, the other a liquid| 
and the latter is condensed from the former. 

It appears, therefore, that the conversion of vegetable 
matter into coal is still progressing in the bitaminous Alle- 
ghany coal field, and that the oils and gases now flowing fiom 
the earth are only the results of those chemical operations 
going forward in Nature's laboratory, by which wood is 
transformed into coal, and coal into anthracite, and even 
into plumbago. Nor is this process very different fix>m 
that employed by art, for by the distillation of wood and 
coals, charcoal, and coke, oils and gases are obtained, like 
those now being distilled in the ever- working retorts of the 
earth. In Alleghany County, Pennsylvania, and at other 
sites, the springs and coal occur in immediate proximity to 
each other. 

like the oils distilled from coals, the petroleums fix)m 
different springs vary in their specific gravities from 0*820 
to O'SSO. This reality affords ftirther evidence that the 
subterranean distillation has advanced more at some points 
than at others, for the lightest oils always distil first. 
From the foregoing £Eicts and the reasons which may be 
deduced frx)m them, it does not appear probable that the 
oil springs will soon fail, but will continue their supplies 
until all the chemical agencies operating upon the tliick 
strata of coal beneath have subsided, and the once woody 
fibre of the coal has ceased to expel carburetted hydro- 
gen. 

A number of the most valuable materiaLs for the pro- 
duction of oils having been treated o^ some of the different 
kinds of coals and bitumens, and such as have been sub- 
mitted to the test of working by the author, may be 
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Looalltj. 



Unglcmd. 

Derbyshire 

Wigan Cannel 

Liverpool " 

Poole (Shale) 

Newcastle 

Scotland, 

Boghead 

Scotch Cannel 

Lesmahago 

Provincial. 
Albert Coal, N. Brunswick 
Asphalte Rock, ^^ 
Pictou Shale, TTova Scotia 

American. 

Breckenridge 

Erie Railroad 

Newburg 

Falling Rock 

Pittsburg 

Kanawha 

Elk River 

Cannelton 

Coshocton, Ohio .... 

Biiumenj <fec.. United States. 

Ouachita River, Arkansas . 

Ritchie County, Virginia . 

Pennsylvania 

Petroleum Springs, Alaba- 
ma, Gkorgia, Tennes- 
see, Kentucky, Virginia, 
Maryland, Ohio, Penn- 
sylvania 

Cuba. 
Bitumen 

THnidad. 
Bitumen 

Canada. 
Bitumen 



YolatUe 
Matters. 


Coke. 


48-36 


53 


44 


66 


39 


61 


42 


58 


36 


65 


70-10 


29-90 


38 


62 


51 


49 


61-050 


30-65 


43 


57 


27 


73 


61-30 


38-55 


35 


65 


38 


52 


50 


50 


36 


64 


46 


54 


41 


69 


34 


66 


45 


54 


60 

j- 


40 


> 

71 


29 


38 


52 


70 


30 







Yield of Crude OU 
per ton. 



82 gallons. 

74 

50 

50 

48 

120 
40 
96 

110 
64 

47 

130 
47 
72 
80 
49 
71 
60 
86 
74 

64 
170 gals, per ton. 



From 70 to 
per cent 
Lamp Oil. 



120 

70 

118 



90 
of 
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noticed, and for convenienxje sake arranged in a table as 
on the preceding page, omitting the fractions of their pro- 
ducts. 

The foregoing table will afford some guide to the manu- 
facturer, regarding the proportions that crude oil bears 
to the volatile matters of the material. The quality and 
specific gravity of the oils, and the quantities of paraffine, 
are not inserted, as they are ruled by the heat employed in 
the first dry or decomposing distillation, a knowledge of 
which is best acquired by experience. 
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CHAPTER m. 

Kature of the Products distilled from Bituminous Substances. — Modes of 
obtaining Oils. — Retorts.— D-shaped Retorts. — Revolving Retorts. — ^Ver- 
tical Retorts. — Clay Retorts — Brick Ovens. — Coke Ovens. — Stills. — Con- 
densers. — ^Agitators, etc. 

To obtain oils from coals and other dry bituminous 
materials, it is liecessary in the first place that they shall 
be submitted to dry or decomposing distillation, by which 
oils are formed, the coke or fixed carbon remaining with 
the ash in the distilling vessel. The economy and perfec- 
tion of this operation depend upon the kind of retort used, 
the degree of heat applied, and the efiiciency of the con- 
densing part of the apparatus. If a given quantity of coal 
be distilled in a retort or close vessel at a heat of 1,200° or 
thereabouts, in the manner that coal gas is made, a large 
quantity of gas will be formed. The oily products will be 
small in quantity, and consist chiefly of benzole, naphtha, 
naphthaline, carbolic acid, piccamar, pittical, copnomor, 
and other hydrocarbons, which, so far as the oil manufac- 
turers' objects are concerned, may be called impurities. 
They are not impurities ; but in the progress of chemical 
science they may hereafter become valuable. Again, the 
crude oils obtained by such a heat contain more carbon 
than those produced by a lower heat, much of the hydro- 
gen being driven off from the coal in carburetted gases. 
But if the heat to which the coals are exposed does not 
exceed 750° or 800° Fah., a different class of results fol- 
lows. Instead of true benzole, eupion* will be formed, 

* The composition of benzole is Ci> H«. That of eupion is Cs. H«. 
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the naphthaline will be replaced by paraffine, the carboUe 
acid, piocamar, copnomor, etc., will be less in quantity, and 
there will be a great increase of the oils employed in lamps 
and for oiling machinery. 

To obtain these results, not a little will depend upon the 
form of the retort, and the mode by which the oily vapors 
generated in it are condensed. The retort which will per- 
mit the charge of coal to be equally heated throughout, is 
best ; for if the heat be strong on one part of the charge, 
and weak on another part, the former will produce perma- 
nent gas and impure oils, while the latter has, perhaps,- a 
temperature too low to produce oils at all. It is on this 
account that revolving retorts, which keep the charge in 
constant motion, have been introduced. 
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Full descriptions of all the retorts and ovens which have 
been experimented with, tried, patented, used, and in use, 
for distilling oils from coals, would not be interesting or 



neefiil. For such descriptiona it is necessary to refer to the 
American, English, and French records of patent inven- 
tions. Great as their number is, it is still increasing. 
Many persons besides chemists, who are concerned in tiiis 
kind of manufacture, and tyros in the art, have a fancy 
for some novelty in which neither philosophy nor chemis- 
try can discover any merit, and vast sums of money 
have been wasted in seeking the talisman that would 
convert everything into oil. 

Horizontal D-shaped retorts, of large size, two or three 
being heated over one furnace, have proved satisfactory ; 



and in some instances they have taken the places of the 
revolving cylinders. They may be made of iron or clay. 
They are simple in coostniction, and readily charged 



and discharged. They may be made from thirty to 
forty-five inches in width, and from eight to ten feet in 
length. The latter mze will distil three chargee of cannel 
coal, of 450Ibs. each, in twenty-four hours, at a heat not 
exceeding 780° JFah. Forty of these retorts and more may 
discharge into one main, from which the gas is conveyed to 
' a gasometer, to be afterwards used for fuel or for lighting. 
It is necessary that the discharge-pipes leading from these 
retorts to the main should not be less than eight inches in 




diameter, to prevent pressure and insure safety ; and they 

should be inserted into the end of the retort opposite the 

4 



40 BEYOLYIKa RETORTS. 

head and furnace, and upon a level with the upper part 
of the charge. The main itself should be three feet in 
diameter. 

REVOLVING RETORTS. 

Bevolving retorts were employed by Q-ingembre, of 
France,* and by others, many years ago, in the manu&c* 
ture of coal gas ; but from their cost, and liability to get 
out of order, they were discarded. Since January, 1858, 
several patents have been granted in the United States for 
this kind of retort, as being adapted to the manufacture of 
oils from coals, shales, etc. In some establishments they 
are now in use ; in others they have been replaced by large 
D-shaped stationary retorts. 

They are iron or clay cylinders, frequently six feet in 
diameter and eight feet long, sustained upon an axle at 
each end, the vapors passing through the axle opposite the 
furnace, or head, where they are charged through a man- 
hole in the usual manner. They are kept in motion by 
machinery propelled by steam, making two or more revo- 
lutions per minute. The advantages of the revolving 
retort are, that the charge being constantly agitated 
by the motion of the cylinder, every part of the material 
is fit)m time to time brought in contact with a heated sur- 
fiBtce, so that it is exhausted in much less time than it could 
be in a stationary retort ; thus, also, there is a saving of 
fiiel. A retort of the above dimensions will run six 
charges of one ton each, in twenty-four hours, of ordinary 
cannel coals. The objections urged against them, by 
those who have given them a trial, are their cost and lia- 
bility to get out of order. They also grind the coal to a 
powder, which, by being carried along with the oily 

* Brevets (TlnvenUon^ vol ix., p. 235. 



vapors, is apt to fill Tip the condensing worm; and its 
admixture with the oil increases the cost of purification. 
But the rapidity by which they distil the coal, and the 
saving of fuel, are certain results ; and the ingenuity of 
numerous inventors may hereafter relieve them from the 
above drawbacks. 

The revolving retort cannot be employed in the decom- 
position of Albert coal, nor any of the softer bitumens. 
These substances melt, and adhere to the iron closely, and 
therefore cannot be agitated like dry coals, when they are 
heated. 

With the before-mentioned objects in view, namely, the 
agitation of the material while it is exposed to heat, oscil- 
lating retorts have been reconmiended and patented. Iron 
bars are fixed longitudinally in the cylinders, to prevent 
the charge from sliding, and to insure its rolling over. 

BRICK OVENS. 

Brick ovens have been introduced to decompose coals 
and produce oils. They are made of fire-brick, and laid 
in fire-clay. Their form is such, that the heat is distri- 
buted over a large surface. These ovens are incapable of 
resisting pressure, and they are apt to crack and grow 
leaky. If they are ever found to be economical, it will be 
in situations where coals and coal shales are cheap and 
plenty, and where the loss of vapor and fuel are not things 
of large accoimt 

VERTICAL RETORTS. 

In France, at Mehlam on the Bhine, and other places in 
Europe, upright retorts are used. They have been em- 
ployed in Ireland for the distillation of peat Th^ are 
filled from above, and wh^ the charge is exhausted it ia 
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drawn from beneath. They require a great deal of fuel. 
The .yield of oil is small and impure. 
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Patents have been granted in the United States for 
several vertical retorts, in which improvements are sup- 



posed to liave been made upon those tised ia the Old 
Country ; but in none of these have the advantages sought 




for been obtained. It is obvious that the discbarge of the 
gases Snm vhich the oils are condensed must take place 



abore the mam of the material in the retort. The s 
the oily vftpor of the charge is remoT«d fix>m the retort 




and condensed, the greater will be the amount of oil pro- 
duced ; for if that vapor is exposed to a heat equal to that 
by which it was first formed, it will itself be deoomposed, 
and a part of it converted into permaseut gases. Again, 
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the vapor first formed will be deprived of a part of its 
hydrogen, and there will be a diminution in the quantity 
of lamp oil. 

Agitators, or stirrers in retorts, have been introduced for 
the purposes before-mentioned. Count de Horapesh 
patented and used an Archimedean screw nearly twenty 
years ago. By means of this screw the material was agi- 
tated, and finally discharged at the end of his retort. 
Several American patents have been granted for machinery 
to stir or agitate the charge of material, both in horizontal 
and upright retorts during its distillation. In situations 
where coal is abundant, the value of these inventions 
will be carefully weighed against the complexity of the 
machinery and its constant wear. 

In order to apply a certain degree of heat to the sub- 
stances undergoing distillation, baths of fusible metal have 
been placed in retorts and stills, the melting point of the 
metal being adjusted to the degree of heat required ; but 
the experienced distiller calls for no such aid. 

CLAY RETORTS. 

Clay retorts were used in the manufacture of coal gas 
many years ago, and a contest has long been carried on 
between their advocates and those who prefer iron for 
that purpose. In Europe the clay retort is gradually 
coming into use. In Scotland the old iron cylinder is noiiir 
seldom seen in gas works. The manufacturers of coal gas 
in the United States are yearly submitting clay to the test ; 
but up to the present time, of all the retorts in operation, a 
very few are composed of that material. When the clay 
cylinder is first charged, gas escapes through the fine fissures 
opened by the baking of the substance. These openings, 
however, are soon closed with carbon, and the retort is 
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perfect. The chief advantage of the clay retort is its dura- 
bility. In the distillation of coals for the production of 
oils, they are, doubtless, valuable, and the ordinary mecha- 
nic of the country understands the methods by which they 
are put in working order. In their use, it should always 
be understood that they will not withstand as much pres- 
sure as iron, and therefore their discharge-pipes should be 
large, and their condensing apparatus open and free. 

Among the numerous means applied to the extraction of 
oils from coals, coke furnaces merit some attention. Char- 
coal has been known since the earliest ages. The coals 
mentioned in Isaiah liv. 16, seven hundred and twelve 
years before Christ, evidently refer to charcoal. The 
cutting and piling up of mounds of wood, covering them 
with earth, and firing them to obtain charcoal, is a process 
fistmiliar to almost every one. In this operation all the 
volatile products of the wood escape in gas and smoke, 
and are lost Within the past century charcoal furnaces 
have been invented by which those volatile products are 
collected, and the distillation of wood has produced a new 
class of substances; the chief of which are acetic acid, 
pyroxylic spirit, creasote, picamar, copnomor, paraffine, 
eupion, etc. 

In China, Russia, and Sweden, the carbonization of wood 
is effected in pits, or furnaces not dissimilar to those for 
which patents have been recently granted in this country, 
l^he furnace is in the shape of an inverted cone, and the 
receptacle for the tar is at its side. Coal is converted into 
coke in a similar manner. In Europe coke has been exten- 
sively used in the manufacture of iron. In Great Britain 
it is burned on railways to avoid the smoke produced by 
coals, and coking furnaces are in constant use for its sup- 
ply. In 1781 the Earl of Dundonald obtained oils by heat- 
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ing a quaDtit; of coala in a coke furnace. The oils were 
condensed &om the expelled vapors, and coke remained. 
The manufacture of cool gas now supplies vast quantities 
of coke, and the oils are called coal tar. 

In August, 1863, two patents were granted in England 
for upright coking furnaces, the object being to obtain 
crude oils, and not coke. In these, and in other instances, 
the coals are produced in large perpendicular cones, or 
cylinders of masoniy. A fire is lighted below, and as it 
advances upwards the volatile parts of the material are 
driven oflF by the heat produced by itself and without the 
aid of any external heat Discharge pipes are fixed at the 
top of the fiimaoe, and communicate with a condenser in 
which the oils are formed. 

The first objection that presents itself to this method c^ 




obtaining oils is the admission of air to the material, by 
which combustion raUier than distillation is the result. To 
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afford a remedy for this difficulty Mr. Little obtained an 
English patent in 1864, the invention of which is to draw, 
or drive through the fire a blast of air, which is then said 




to be " burned" or deprived of its free oxygen, so that the 
combustion of the material is avoided, and the distillation 
carried on by the heat afforded by the gases emanating 
from the material itself. In this process the chai^ con- 
tained in the coking furnace is first fired at the bottom, 
then a current of air is drawn through the fire and the 
material in the furnace by an aspirator or exhausting pump, 
the oily vapors being drawn into condensing chambers, or 
worms, in the manner practised in ordinary distillations. 
An upward distillation has been opposed on the ground 
that the oil, which at first would be at the top of &e fiir- 
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naoe, fidls back, and undergoes repeated decompositions 
before its vapors finally escape. In practice this objection 
is gnmndlesB, for if the vapors from which the oils are 
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condensed are light, they make their exit immediately ; if 
they are heavy, and condense in the fomaoei their oils are 
improved by farther decomposition. 

Patents have been recently granted in the United States 
for similar coke furnaces. In one of these the current of 
air is directed downwards through the fire, material, and 
furnace, by a jet of steam thrown into the discharging pipe 
below. AAer a wood fire has been kindled at the top of 
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the furnace, and a stratum of hot coals is spread over the 
charge, a downward current of air is started, and continued 
until all the volatile matter is expelled from the material. 
It does not appear, however, that reversing the air current 
is a matter of any importance in the operation; the chief 
object being to force it through heated bodies, and thereby 
deprive it of a part of its oxygen before it reaches the 
charge. Ingenious as this method of distillation really is, 
its economy is doubtful, for sufficient heat cannot be applied 
to the charge in the furnace without the admission of oxy- 
gen, and that oxygen, when admitted, results in more or less 
actual combustion, which reduces the quantity of oils. This 
method has been extensively tested by the New York Kero- 
sene Oil Company, who, according to their published 
reports, distilled only sixty-eight and one-seventh gallons 
of merchantable 6ils and paraffine from one ton of Boghead 
coal. By the large D-shaped retort seventy gallons of such 
oils can be obtained. 

From what has been stated, this question presents itself— 
What is the cheapest, most efficient, and economical retort 
for manufactories of coal oils? Perhaps foremost in the 
reply stands the large horizontal D-shaped retort — next the 
revolving retort, which for running the greatest quantity of 
oil in the shortest space of time stands unrivalled. 

Next in importance to the form and the mode of apply- 
ing heat to the retorts is the condenser, or cooling appara- 
tus, in which the gases and vapors of the material assume 
the liquid form. It may be laid down as a general rule, 
that the sooner the lighter vapors generated in the retort 
are withdrawn from it and cooled, the greater will be the 
yield of oiL The discharge pipes of the retorts employed 
in the manu&cture of coal gas are upright cylinders, in 
which a part of the volatile products of the distilled coal 



aie oondenBed, and &11 back into the letort, where thej are 
decomposed, and the qu&ntity of gaa thereby increased 
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By this management the gas is made by the reduction of 
the hydrt^en of the coal tar, which, consequently, contains 
much carbon, and is thereby rendered unfit for the mana- 
fitcture of oils for lamps.* The exit, or discharge pipes, 
should therefore open outwards fixim the retort, as near 
to the charge andei;going decomposition as may be con- 
venient 

* Sm table of homok^iw oompoundB. 
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AgaiD, presaore upon the vapors generated, and the 
retort itself should be avoided as much as possible. The 
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dipping o£ the discharge pipe in a main, to seal it against a 
return of gas, causes a pressure according to the extent q£ 
that dip. The greater the dip the greater the pressure, and 
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the quantity of oil will be diminished accordingly. It is 
on this account that exhausting pumps have been applied 
to the gas pipe leading from the main. The effect is to 
exhaust the charge in one half of the time usually required 
for that purpose, and with less heat in the furnace. But 
exhausting pumps are expensive, and, when employed as 
above, require to be kept constantly in motion. Therefore 
when the crude oil is made at the mouth of a coal mine 
their economy will afford matter for consideration. 

The condenser may consist of the common worm gene- 
rally used in distilleries — a serpentine pipe passing through 
a cistern of water, or an open chamber, all of which must 
be kept constantly cold by an influx of water. 

But when much paraffine is present it is necessary to 
keep the water at a temperature of 70^ or 80® to prevent the 
paraffine from cooling, and obstructing the apparatus. The 
gas that remains after the condensation has been completed 
may be collected in gasometers, and employed for illumi- 
nating purposes — ^to afford heat for the subsequent distilla- 
tion of the oils, or to produce steam. 

STILLS. 

The variety of stills, and the contrivances applied to 
them, for the distillation of coal and other oils, equals that 
of retorts. Experience has led to the almost general adop- 
tion of cast iron stills for those purposes. They have been 
made with bottoms concave upwards and with hemisphe- 
rical tops, with bottoms concave downwards and flat tops, 
some broad and flat, others high and cylindrical — some 
have been placed in steam jackets — many are exposed to 
the Aaked fire. The different opinions prevailing among 
the manufacturers prevent any settled form being esta- 
blished. Stills made of boiler-plate iron have been tried ; 
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but when a high heat is required, and they are exposed to 
the direct action of the fire, they are soon destroyed, or 
commence leaking at the rivets. When the heat exceeds 
560^, which is necessary in the distillation of the heavier 
oils and paraffine, they are in danger unless they are pro- 
tected by the admission of steam, and guarded against the 
fire of the furnace. Whether the still be of cast or sheet 
iron, it is always unsafe to run the oil down so as to " cok^^ 
its bottom. 

In order to facilitate the flow of oils, stirrers have been 
placed in the still to agitate the charge during its distilla- 
tion. The effect of these stirrers will ever be to render the 
distillation more or less imperfect, by lifting the impurities 
upwards into the current of vapor rushing outwards into 
the worm. Stills with double necks have been tried, but 
without any real advantage. Some have preferred a large 
still, and they have been made to contain three thousand 
gallons. Such stills are more liable to accident, and dan- 
gerous in the event of fracture than smaller ones, and have 
no superiority in regard to time in working. 

The first distillation of the oils may be carried on con- 
tinuously by admitting into the still a small stream after the 
heat is up and the distillate begins to flow fix>m the worm. 
But this mode requires more than an ordinary degree of 
heat to compensate for the caloric taken by the inflowing 
oil to bring it up to the distilling point. Simplicity of 
machinery and steadiness of operation are always desira- 
ble ; on this account, for reasons already stated, and, from 
many actual trials, the author recommends that the largest 
stills, and those employed for distilling the crude oils as 
they come from the retorts or oil springs, shall not exceed 
in contents sixteen hundred gallons, and as there is gene- 
rally a loss on the first distillation of ten or twelve per cent. 
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in carbon and impurities, the working contents of the refin- 
ing stills need not exceed fourteen hundred gallons. The 
diameter of the largest stills may be eight feet six inches, 
with a height of four feet six inches. The crown should 




nmJjIL 



Jam 



Scale 



STTLL. — BXOnON. 



A Gooseneck. 
B Dome. 
C Kettle. 



Bfi/erenoes, 



d Valvo on j^ooeeneck. 
e Steam pil)e. 
/ Blow-oflf pipe. 
g Miinholc 



be moderately concave upwards to the neck. Those stills 
must be carefully protected against the direct action of the 
fire by arches of fire-brick. Common or superheated steam 
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may be introduced into them through large rose jets open- 
ing above, or into the charge. Steam always facilitates 
their operation. 

CONDENSING WORMS. 

The worms, or condensing tubes for the stills, should be 
'one hundred feet in length, with a diameter of six inches 
where they, leave the necks, and four inches throughout 
their middle parts, tapering down to two inches at the " tail 
pipey The worms are surrounded by water, in a tank, 
where they are kept cool. But when the oil contains paraf- 
fine, the water must be allowed to heat up to 80" or 100^ 
Fah. In cold water the paraffine would become solid, fill 
up the worm, and lead to the bursting of the still and all 
its dangerous results. 
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CHAPTER IV. 

Products of the distillatioD of wood coals, aspbaltum, bitumen, petroleunv 

and other substances capable of yielding oils. 

PRODUCTS OP THE DISTILLATION OF WOOD. 

The products of wood distilled in close vessels are very 
numerous. The resinous woods give results different from 
those not resinous, and each kind affords some peculiar 
products. During distillation all yield more or less car- 
bonic acid, carbonic oxide, and carburetted hydrogen. 
Charcoal remains in the retort. Some of the products are 
soluble in water, others are not. Of the products soluble 
in water and volatile, there are acetic acid, or pyroligneous 
acid. This is the most abundant liquid. It contains much 
creasote, and preserves meat, giving it at the same time a 
smoky taste and odor. 

Pyroxylic spirit. — By distilling the crude pyroligneous 
acid a mixed liquid is obtained, known as pyroxylic spirit, 
or hydrated oxide of methyle. From this spirit Gmelin 
and Liebig derived lignone, xylite, xylitic acid, naphtha, 
xylitic oil, and resin, mesetine, methol, mesite, acetone, 
and other volatile liquids have been obtained, of which, up 
to the present time, there is but an imperfect knowledge 
existing. 

PRODUCTS OILY AND VOLATILE. 

Among these creasote is predominant. This is a clear 
neutral oil, with an odor of smoke, and hot pungent taste. 
It evaporates without residue, and is turned to a brown 
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color by being exposed to the light. It is soluble in ether 
alcohol, acetic acid, ammonia, and potash — is used as a 
styptic, and considered as a valuable remedy for the tooth- 
ache. Creasote has also reiiiarkable antiseptic properties, 
and is employed in dyeing and tanning. A distinction 
between creasote and carbolic acid has not been clearly 
made out. 

Picarruir was discovered by Eeichenbach, with creasote 
in the heavy oil of tar. With potash, it forms a crystalline 
compound. It is a colorless oil, having a hot, bitter taste. 
Its composition has not been clearly described. 

Copnomor, — With the creasote and picamar the above 
chemist discovered copnomor, a limpid, colorless oil, highly 
refractive, with an aromatic odor and styptic taste. Nitric 
acid converts it into oxalic acid, nitro-picric acid, and other 
complex substances, of which little is known. 

JEupion, another oily, or rather spirituous liquid, dis- 
covered by Eeichenbach in the oil of tar, is Cg II4. It 
is readily purified by distillation, and has a specific gravity 
of 0*740. The author obtained it from the tar of candle 
manufactories, with a specific gravity of 0*640, and a boil- 
ing point of 112°. It is, therefore, among the lightest 
liquids known. It resists the action of the strongest sul- 
phuric acid. With nitric acid it forms several new combi- 
nations analogous to those of benzole. It is perfectly 
colorless, evaporates rapidly, and to some persons it has an 
agreeable odor. This oil does not exist ready formed in 
the tars, but is produced by the action of strong acids and 
alkalies upon the distillates of crude oils. In the manu- 
facture of hydro-carbon oils, eupion includes a number of 
the members of the homologous compounds of carbon and 
hydrogen. It is now frequently sold as benzole, and em- 
ployed for making what is called the benzole or atmo- 
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spheric light, and for removing oil stains from clothes. A 
number of liquids have been classed under the denomina- 
tion of eupion; they are all hydro-carbons, and their 
formula is C, H, or C5 H4 , or some midtiple of it. 

Eupion may not only be distilled from wood, but also 
from other substances capable of yielding tars bv distilla- 
tion. It bums with a brilliant white flame, free from 
smoke ; but it is extremely inflammable, and a dangerous 
liquid for lamps. 

SOLID PRODUCTS OBTAINED FROM THE DISTILLATION OF 

WOOD. 

Paraffine is the name* of a white solid substance, or 
silvery scales resembling wax, discovered by Eeichenbach. 
It is formed in large quantities from the petroleum of 
Bangoon, and the author has obtained it from the Ouachita 
coal of Arkansas, at the rate of 148 lbs. per ton. Coals, 
asphaltums, bitumens, petroleums, peat, and other sub- 
stances, aflFord paraffine from one to five per cent, of their 
oils. It is most abundantly produced by the distillation of 
wax with lune. 

Paraffine melts between 110® and 114°. Its specific 
gravity is 0*870, and according to Lewis its formula is 
Cjo Hji. It is readily made into candles, and in a 
wick it burns with a beautiful, clear, white light ; and the 
candles are semi-transparent. It is indifferent to the 
strongest acids and alkalies. A number of compounds of 
carbon and hydrogen have been confounded with paraffine, 
such as methylene, ethylene, butylene, etc. It is remark- 
able that the paraffine produced by the distillation of dif- 
ferent kinds of materials diffisrs considerably on some 
points of comparison, some having a higher, and some a 
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lower melting point These differences, however, may 
arise in some degree from the amount of heat by which they 
are produced, and their treatment to render them pure. 
The greatest obstacle to the application of paraffine for 
candles is its low melting point. It may be mixed with 
bleached jvax, which does not fuse, in general, below 154°. 
The cup-like cavity around the wick of a pure paraflSne 
candle is apt to yield to the heat, and the melted material 
overflows, and bears with it the name of " sluV^ Doubt- 
less there are improvements to be made in the manufacture 
of this beautiful article. Paraffine does not exist in coal 
ready formed. It is one of the combinations resulting 
from the interchanges of the elements of bituminous and 
other bodies during their exposure to a high temperature. 
Paraffine burns well in the kerosene or common coal-oil 
lamp, when dissolved in hydro-carbon oils; but in cold 
weather it hardens, and will not then ascend the wick. 

Cedriret is a volatile solid which forms red crystals in a 
solution of sulphate of iron. These crystals dissolve in 
sulphuric acid, and the red color is changed to blue. The 
blue tinge produced by reflected light of some of the 
coal oils in the market owes its origin in part to the pre- 
sence of cedriret. 

PiUical — ^When heavy oil of tar is neutralized by potash, 
and barytic water is added, the solution is of a deep blue 
color, from the presence of pittical, which, when pure, is 
like indigo. Its color has been fixed on cloth, but its 
manufacture has not yet been brought to perfection. 

Pyroxanlhine is another volatile crystalline solid, first 
obtained by Scanlan from pyroligneous spirit. Its crystals 
are of a fine yellow color, easily fusible. Its composition 
is represented to be Cji H^ O4. 

The foregoing are the principal products of the distil- 
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lates of wood. Besides these, there are others which are 
constantly engaging the investigations of chemists. They 
are important, and in time they will probably be applied 
to useful purposes. When the different kinds of wood, ; 
the different chemical changes produced by different de- 
grees of heat, and the variable operations of re-agents are 
considered, it is not surprising that this division of chemical 
science should advance so slowly, and so little should be 
known of the changes matter undergoes by seemingly 
invisible agents. The identity of most of the before-men- 
tioned products, with those resulting from the distillation 
of coals, affords much additional evidence that coal and 
bitumen, like wood and turpentine, have had one common 
origin. 

PRODUCTS OF THE DISTILLATION OF COALS AT A HIGH 

HEAT, OR COAL TAR. 

Certain specific spirits and oils have been obtained by 
chemists from coals and other bituminous bodies. These 
spirits and oils have been distinguished one from the other 
by their densities, boiling points, and other characters, and 
have received different and sometimes very inappropriate 
names. From coal tar Peckston distilled oil of tar and 
spirits of tar. Laurent, Reichenbach, Hoflfinan, and others, 
have given the composition of coal tar. Wagenman applied 
himself to the oils derivable from turf, brown coal, and 
bituminous slate, from which he obtained photogen, solar 
oil, and paraflBne. From the slate near Bielefeld, En- 
gelbach distilled light oil, heavy oil, butyric fat, and 
asphaltic fat. 

Mansfield in his patent, registered in 1847, describes 
alliole, benzole, tuluole, cumole, cymole, and mortaole, 
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products collected by biin from the distillation of coal tar. 
Among the oily substances obtained by the distillation of 
coal tar the following have been described :* — 

Benzole C,2 H« 

Cumene, or cumole C,8 Hia 

Toluole, or toluene C,* He 

Naphthaline Csa H^ 

Anthracene, or paranaphthaline . . . . Cj© Hn 

Chrysene Cia H4 

Pyrene Cio Ha 

Ampaline. 

ACIDS. 

Carbolic Ci, H* 0. H. 0. 

Rosalie. 
Brunolic. 

Bases. 

Ammonia N. H3 

Picoline, or odorinc . . , . . C19 H, N. 

Analine Cia H7 N. 

Leucoline, or quinoline ds H, N. 

Parvoline Cie Hu N. 

Lutidine C» H» N. 

and others not yet fully investigated. 

Besides the foregoing compounds, derived from coal tar, 
phenyle, pyrrole, animine, olanine, cyanole, benzidam, etc., 
and others have been described. It has been usual to sepa- 
rate the coal tar of gas works into two parts, namely, 
naphtha and dead oil The tar itself always contains much 
finely divided carbon, the quantity of which is augmented 
by a high heat. Both the naphtha and dead oil consist of 
a number of hydro-carbons. These cannot be considered 
as certain compounds, as they are liable to great variations. 
The nature of the coal, and the heat applied, as before 
remarked, have much to do with the quality of the tar, cannel 

• See Qerhardt, Chem, Organ, vol, iv., p. 426* 



PB0DUCT8 or THE DISTILLATION OF COALS. 63 

coal being always more productive of spirits and oils than 
common bituminous coal. Besides these various and varia- 
ble products, several of them, if not all, have many deriva- 
tives, formed by their combinations with other substances. 
For instance, by the action of chlorine on naphthaline, we 
have, according to the nomenclature of Laurent, chlonap- 
iase, chlonaptese, chlonap/ise, etc. By the action of bromine, 
bronap^flwe, bronaptese, hronapttse, etc. The derivatives of 
analine are represented as chloranoline, dichloranoline, tri- 
chloranoline, bromanaline, dibromanaline, tribomanaline, 
nitrodibromanaline, etc., and thus pages might be filled 
with the names of these uncertain combinations, a sys- 
tematic arrangement of which has not been completed. 
These discoveries mark the progress of chemical inquiry, 
although they have not, so far, added much to manufactur- 
ing or commercial interests. 

When coal tar, and especially that obtained from cannel 
coal, is submitted to heat in a still connected with a proper 
condensing apparatus, it is resolved into water, benzole, 
naphtha, and various heavy hydro-carbonaceous oils — char- 
coal remaining in the still if the distillation has been carried 
on to dryness. In the meantime decomposition has taken 
place, and products present themselves that did not exist 
in the undistilled material. Of these products a part is 
volatile, and another and the largest part is dense and not 
volatile. The former may be advantageously distilled over 
by the aid of steam at the temperature of 212°, the latter 
by super-heated steam. Manufactories have been esta- 
blished where the coal tar is distilled down to a thick 
pitch, which is applied for roofing buildings ; the dense oils 
are employed for fuel in glass works; the benzole and 
naphtha, after being rectified, are sold for dissolving gutta 
perchaand india rubber, for varnish, and for producing the 
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benzole light. The heavy oils abound in naphthaline, 
which has not yet been extensively applied to any useful 
purpose. The last of the distillate frequently contains 
paraffine oil and paraffine. 

Among the valuable derivatives of coal tar, is picric acid, 
Welter's bitter, carbozotic acid, or nitro-phenesic acid of 
some chemists. This acid was discovered by M. Guinon, 
of Lyons, and its composition is stated to be Cu H, N. O4 
Oa. This substance is obtained by acting upon coal tar, or 
coal tar naphtha, with strong nitric acid. It produces a 
beautiful yellow color, which is capable of being fixed on 
silks and woollen cloth. It is used in France and England 
as a dye. The yellow stain communicated to the skin by 
nitric acid, and which cannot be removed by washing, 
iirises jfrom the production of picric acid. Analine also is 
converted into a violet-colored powder, which has been sold 
ifor ,$250 per lb., on account of the beautiful red and purple 
•dyes it communicates to silks. Its colors are permanent, 
und escceed in delicacy any before discovered. 

Benzok (0^ H^). Btcarburet of hydrogen (Faraday). Ben- 
zine (Mitflcherlich). — ^This oil, so called, although it is rather 
a spirit, was discovered by Faraday, and by him condensed 
from oil gas. Mitscherlich obtained it by distilling ben- 
zoic acid with hydrate of lime, and it may be procured bj' 
passing the vapor of benzoic acid through a red hot tube. 
It exists in considerable quantities in coal tar naphtha, 
from which it may be separated by fractional distillation. 
It is readily purified, by first washing it with sulphuric 
acid, then with a solution of caustic potash, or soda, and 
final distillation over lime. Its specific gravity is 0*850, of 
its vapor 2*742, and it boils at 186°. Like other liquids 
distilled from coal tar, it is scarcely a distinct and separate 
product; but forms a member of a series to be noticed 



PBODUCTS OP THE DISTILLATION OP COALS. 65 

hereafter. Benzole holds a medium position between alii- 
ole, so called, and naphtha. With chlorine it forms chlo- 
robenzole C^ H^ Clg, Similar compounds are also formed 
with bromine, nitric and sulphuric acids. It is itself a 
starting point or type of a series of homologous Compounds, 
the common diflference at each step being Cj Hj, These 
compounds all admit of their hydrogen being replaced by 
one, two, or three equivalents of chlorine, bromine, nitric 
acid, and amide ; finally they give' rise to bases, of which 
aniline or phenylamine is the type.* '^■ 

It will be readily perceived how benzole diflfers from 
eupion. In both, the multiple, or increasing number of 
the hydrogen, is two ; but as the benzole series starts with 
two equivalents of carbon to one of hydrogen and eupion, 
with one equivalent less of carbon than of hydrogen, the 
former series contains the most carbon throughout. In 
making the benzole, or atmospheric light,t the benzole 
requires to be diluted with alcohol, to prevent the flame 
from smoking. Again, eupion alone is found to be' de- 
ficient in carbon for that purpose. A mixture may be 
made of the two liquids, in which the quantities of carbon 
and hydrogen may be so adjusted that the light will be 
brilliant and without smoke. 

By ad4ing benzole gradually to strong nitric acid, with 

* Gregory, OuUinea of Organic Chemistry, LoDdon, 1852. 3d ed., p. 128. 

f The benzole, or atmospheric light, is made by passing a current of air 
through benzole, or other volatile liquid hydrocarbon. The air, by taking 
up a quantity of the liquid, bums freely, and is distributed in the manner of 
coal gas. Numerous machines have been invented for forcing a current of 
air through the fluid, and some of them are very efficient But below a 
certain temperature the air will not convey vapor sufficient to afford a good 
light In cold weather, also, the vapor of the benzole condenses in the 
pipes, and the liquid itself requires the application of heat These difficulUea 
have 80 far been insurmountable. 
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the aid of a gentle heat, a compound is formed which 
dissolves in the acid, and, on cooling, collects on the sur- 
face. On diluting the mixture with water, nitro-benzole is 
precipitated in the form of a yellow oil. This oil has a 
sweet taste, and the odor of the oil of bitter almonds. It 
is used in perfumery, and in the bakery. Benzole is 
employed for many useful purposes. It dissolves the gums, 
resins, and all fatty substances. It removes from cloth 
and silks spots of tar, grease, turpentine, etc., and for those 
purposes it has been imported from France in small bottles, 
which are sold at high prices. Its rapid evaporation 
renders it also a substitute for alcohol and turpentine in 
the preparation of paints and varnishes. 

Cumoh (C,8 H,j), when treated like benzole, its ho- 
mologues yield a crystalline solid, which is fusible and 
volatile. 

Toluoh (Ci4 Ilg) is another oil, analogous to and 
homologous with benzole. It boils at 226°, «and has a 
specific gravity of 0"870. When treated with nitric acid 
it yields two compounds, nitrotoluole and dinitrotoluole. 
Deville obtained a series of compounds from toluole, in 
which the hydrogen was replaced by chlorine. 

JS^aphthaline. — This interesting and remarkable hydro- 
carbon exists in almost all kinds of tar. In coal tar it is 
very abundant. It does not exist ready-formed in coal, 
but results from a high heat in its distillation, and an inter- 
change of elements during the decomposition of the bitu- 
minous mineral. Creasote, or carbolic acid, is its usual 
companion, and seems to add to its quantity. By the 
repeated distillations of coal tar, naphthaline will crystallize 
at the bottom of the receiving vessel, and may be separated 
from the oils that accompany it by simple draining and 
pressure. It is rendered pure by agitation first with sul- 
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phuric acid, then with a strong solution of caustic soda or 
potash, and final distillation and crystallization. When 
pure, naphthaline is colorless, and forms beautiful flat and 
needle-shaped crystals ; it evaporates rapidly, like camphor, 
and gives out a peculiar odor, unpleasant to some persons, 
but agreeable to others. Its taste is hot and pungent, and 
it corrodes the skin. A soap made from it was considered 
beneficial to the complexion. It distils with water, and, 
like camphor, sublimes and crystallizes against the sides of 
the bottle in which it is contained, and opposite the light. 

Chlorine and bromine combine with naphthaline, and 
lay the foundation of a great number of compounds, 
which are formed by the substit'ition of the chlorine and 
bromine for hydrogen. The labors of Laurent have been 
successfully applied to this inquiry, by which a new field 
of research has been opened, and the doctrine of substitu- 
tion more clearly established. Sulphuric acid exerts itself 
upon naphthaline, forming hyposulphonaphihalic, hyposulr 
phonaphthic acids, etc. Thus, also, with nitric acid; but 
the number of these combinations, and the great length of 
their names, render full descriptions of them unnecessary 
in a work intended to be practical. Naphthaline is worthy 
of a trial in medicine, and may hereafter prove itself to be 
valuable in the arts. In its unpurified state it adds to the 
offensive odor of the oils distilled from coals, and increases 
the cost of their treatment. 

Paraffine has been already described under the solid 
products obtained from the distillation of wood. Its yield 
from the coal tar of cannel coals is seldom more than o'ne- 
fourth per cent, of the tar, and it succeeds the naphthaline 
in the distillation. 

Anthracene, or para naphthaline {G^ H^), is polymeric 
with naphthaline, and is obtained from the heavy distillates 
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of coal tar. It melts at 850°, distils at 398**, and crystallizes 
in thin, foliated plates. Like naphthaline, it is acted upon 
by nitric acid, which produces a series of compounds, oxy- 
gen taking the place of hydrogen. Thus we have hypo- 
nitrate of anceihracendse, bi-hyponitrate of anthracenese, etc. 

Chrysene also is found to exist in the last divisions of the 
distillates of coal tar. It is a crystalline solid, of a yellow 
color, melting at 465°, and not soluble in many liquids. 

Pyrene (Cjo H,) occurs with chrysene. It is acted upon 
by nitric acid, which produces a number of derivatives. 
Chemistry is mainly indebted to Laurent for the discovery 
and description of many of these combinations. 

VOLATILE BASES IN COAL TAR. 

Carbolic acid. — This is a colorless oil, which, in its general 
characters, resembles creasote ; and by some it is believed 
to be only a modification of that compound. It also occurs 
in the heavy distillates of coaJ tar, and boils at 380°. Like 
creasote, it is very poisonous, and may be used as a remedy 
for toothache. If a piece of pine- wood be dipped in car- 
bolic acid, and then in nitric acid, it will become blue, 
which finally changes into brown. This acid has an offen- 
sive odor, which it imparts to coal oils, and thereby in- 
creases the cost of their purification. 

Picoline (Cja H7) is a volatile, oily base, discovered in coal 
tar by Dr. Anderson. It boils at 272°, does not discolor 
pine- wood, and is probably the odorine of Unverdorben. 

Analine has been termed crysidlline, cyanol^ bemidam^ 
phenylamine^ phenamine, phenamide, etc. This base occurs 
among the products distilled from coals, and those pro- 
duced by the destructive distillation of animal matter. It 
is also described as having been obtained from indigo. 
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The author found it an abundant product in the tar of 
stearine manufactories, and the oils distilled from shales, 
which contain the remains of fishes and Crustacea, Ana- 
line is a highly refractive, colorless oil, of specific gravity 
1*020. When pure, it has a hot, pungent taste, and plea- 
sant smell. It does not act on turmeric, but turns purple 
to green. With bleaching powder, it produces a purple 
color. This color is frequently seen in the coal oils of the 
market 

Nitric acid combines with analine, and forms nitrophe- 
nisic (picric or nitro-picric acid). With chlorine, it forms 
ckbrophenisic and chhroplienasic acids. 

Leucoline, or quinoline. — This base is found to exist among 
the last and least volatile products of coal tar. It boils at 
460*, has a disagreeable smell, and neutralizes acids. 

Luttdine is another of these bases, the nature of which 
has been but imperfectly made out 

PRODUCTS OP THE DISTILLATION OP COALS AT A HEAT 

OP 700" TO 800** PAH. 

The oily products distilled from coals at a high heat, or 
those produced in coal gas manufactories, have been called 
tars. However incorrect this appellation may seem to the 
chemist, .it will serve to distinguish those coal tars from 
the products distilled from bituminous substances at heats 
just sufiicient to expel all the volatile matter they are 
capable of affording. These are oils. The same descrip- 
tion of coals, distilled at the same temperature, and by the 
same mode, will always yield the same results. The prin- 
cipal products of the decomposition of coals at a gas- 
producing heat, have been already noticed ; but in order 
to obtain the greatest amount of commercial oils, the heat 
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applied to the distilling vessel should not exceed 800® Fah., 
while for the production of illuminating gas a temperature 
of 1000° to 1200° will be required. Nevertheless, it should 
ever be remembered, that to make the greatest quantity 
and the purest oils, different coals require different heats, 
some of them yielding up their oily vapors more readily 
than others. Therefore, if the same coals which produce 
the before-mentioned compounds of carbon and hydrogen 
contained in coal tar, be dry-distilled at a heat not exceed- 
ing 750° or 800°, the products will be different in quality 
and quantity. Instead of benzole, there will be eupion ; 
naphthaline will not be formed, and if formed, the quan- 
tity will be small ; the quantity of paraffine will be greatly 
increased, and the amount of creasote or carbolic acid 
reduced ; so that the purification is less expensive. There 
will be, also, a great change in the quality of the oils. 
Instead of coal tar naphtha, which cannot be burnt in com- 
mon lamps without smoke, on account of its being sur- 
charged with carbon, there will be a large amount of oils, 
with fewer equivalents of carbon, and admirably adapted 
for illumination, and also denser oils for lubrication. The 
following are the results of one ton Newcastle cannel coal, 
distilled for gas and for oils : 

DISTILLED FOR GAS. DISTILLED FOR OILS. 

Prodacta. Products. 

Coal gas, .... 7*450 cub. fl. Gas, 1*400 cub. fl. 

Coal tar, .... ISi gals. Crude oil, ... . 68 gals. 
Coke, 1,200 lbs. Coke, 1,280 lbs. 

Products of the Coal Tar. Prodnets of the Crude Oil 

Benzole, 3 pints. Eupion, 2 gals. 

Coal tar naphtha, ... 3 gals. Lamp oil, .... 22*5 " 

Heavy oil naphthaline, &c. 9 " Heavy oil and paraffine, 24 " 

Total, .... 12J gals. Total, .... 48*5 gals. 
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The product set down above as lamp oil consists of 
several oils combined, which will be noted hereafter. 



PRODUCTS OP THE DISTILLATES OP ASPHALTUM, BITUMEN, 

PETROLEUM, ETC. 

The asphaltum of New Brunswick, now called Albert 
coal, is one of the richest materials ever discovered for the 
manufacture of oils. Seventy per cent, of the first distil- 
late, after purification, may be brought up to a specific 
gravity of 0*820, and burned in the ordinary coal-oil 
lamp. The material contains nitrogen, and therefore 
yields ammonia. It melts in the retort, and the vola- 
tile parts escape at a lower heat than those of coal. 
This may account in some degree for its greater yield of 
oils, and their freedom from impurities. From it naph- 
thaline is seldom produced; and although paraffine is 
found among its products, creasote and other compounds 
of its class exist but in small quantities, while the illumi- 
nating oils are abundant. The oils themselves belong to 
a series which contains less carbon than ordinary coal oils. 
They burn freely, and give a clear, white light. The 
asphalte, or bitumen, of the Dead Sea affords much oil, 
mixed with the impurities before noticed. There is pre- 
sent, also, a peculiar volatile oil, which gives even to its 
purest products an unpleasant smell. This might properly 
be called odorine, although it does not agree with the odo- 
rine of Unverdorben. 

The bitumen of the Pitch Lake of Trinidad contains sul- 
phur, and sulphuretted hydrogen issues from the pit where 
the semi-liquid mineral is discharged from the earth. By 
distillation it also yields a whole series of hydro-carbon 

6 
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oils, some of which have been called naphtha, and repre- 
sented as Ce H5 ; others C^ Hj^ It is quite evident that 
bitumens and their distillates differ materially in their com- 
position, and therefore their value for the manufacture of 
illuminating oils, or for gas, can only be ascertained by 
experiment. This bitumen yields 70 gallons of crude oil 
per ton of 2240 lbs. The impurities in its first distillate 
are numerous. Among its soluble parts pyroxilic spirit 
and other products of the distillation of wood have been 
detected, giving evidence of the vegetable origin of the 
pitch. All the oils distilled from this substance have a 
most forbidding smell, which arises from a volatile oil. 
This oil bids defiance to acids and alkalies, indeed the lat- 
ter render it more persistent. 

The bitumens of Cuba yield from 100 to 140 gallons 
per ton of the crude oil. These, when purified, are admira- 
bly adapted to lamps. A British company has recently 
shipped the bitumens (chapapote of the Spaniards) to 
England for the making of lamp and lubricating oils ; but 
the odor has followed them, and presented an obstacle of 
significance. Few of the bitumens of Central and South 
America have been tested in reference to their composi- 
tion, or value for hydro-carbon oils. Those of the United 
States and Canada are beginning to draw the attention of 
manu^Eicturers in reference to their value in competition 
with cannel coals and petroleum. 

The bitumen of Canada West contains decayed vege- 
tables, and is no doubt the result of petroleum that has 
long been exposed to the air ; 2,000 lbs. yielded 109 gallons 
of erode oils. From this crude product 64 gallons of lamp 
oils were distilled, and also 18 gallons of heavy oils suita- 
ble for lubricating machinery. It differs very essentially 
from the bitumens of the West India Islands, and the oils 
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require careful purification. The great diversity in the 
characters of these substances, opens an extensive range for 
chemical research. 

Bituminous sands and clays are found at many sites in 
Central and South America. These, when submitted to 
dry distillation, afford various quantities of gases and oils, 
which possess the ordinary characters of bitumen oils. 
Among those substances may be reckoned the " prairie gas 
stone" of Illinois, of which glowing descriptions have 
appeared in newspapers. This is a grey limestone, with 
pores and cells partially filled with bitumen. By distilla- 
tion therefore the rock yields hydro-carbon oils, carburetted 
and bicarburetted hydrogen gases. One sample of the 
rock gave at the rate of 18 gallons of crude oils, per ton. 
The bituminqus brown coal of Ouachita, Arkansas, has 
already been noticed. 

All these oils, when purified, and when they are of a 
specific gravity less than 0*850, are extremely fluorescent 
When freed from acids they appear yellow by transmitted 
light, and by reflected light blue. The beautiful hues of 
the rainbow are sometimes brought out by frequent distil- 
lations and the use of sulphuric acid and caustic alkalies, 
by which the illuminating oils are frequently injured. It 
is a peculiar feature of impure coal oils to change color by 
exposure to the air and light. Oils that come from the 
worm of the still perfectly colorless will turn yellow, then 
red, and in a few days a dark brown. Sometimes this 
change of color begins at the surface of the oil, and pro- 
ceeds downwards until the whole mass is discolored. This 
arises from the oxidation of the impurities by the atmo- 
sphere. Changes of color also arise from the predominance 
of an acid or an alkali in the oil, which should be perfectly 
neutraL The purest oils, when exposed to the direct rays 
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of light, will vary in color, according as the day is bright 
or cloudy. They possess photographic properties not well 
understood. 

Petroleum, or mineral naphtha, is generated in the earth, 
and issues &om it at numerous places in the old world and 
in the new. The naphtha of Baku, near the Caspian Sea, 
is nearly colorless. The springs of the Burman Territory 
at Yananghoung, upon the Irawady, send up a brown 
naphtha. At this place 520 springs yield upwards of 
120,000 gallons of petroleum yearly, and no diminution of 
the supply has been recorded. The Barbadoes petroleum, 
known as Barbadoes tar, the springs of which were visited 
by the author in 1818, still send forth their oily products, 
and the springs of other West India Islands and South 
America have not failed. All these tarry substances afford 
oils by distillation, some of greater and some of less value. 

The petroleums of the great Alleghany coal field do not 
give the rank pungent smell of Southern naphthas, but a 
mawkish odor equally unpleasant. In general they are of 
a dark-brown color, and appear transparent when held 
against the light. They vary in their characters, and espe- 
cially in their specific gravities, which extend from 0*814 
to 0*930.* The modes by which they are to be refined 
must vary accordingly. The denser kinds yield much 
heavy carbonaceous matter unfit for illumination. When 
properly purified the oils are inoffensive, and burn with 
great brilliancy. 

Some of the petroleums, when exposed to the air, evapo- 
rate rapidly down* to a thick bitumen, others resist evapo- 
ration, and " skin over" like linseed oil. mTheir oils differ 

• A samplo of Dative petroleum received from Dr. Dale, of Alleghany 
CSounty, Pa., and taken from a spring owned hy Lewis Peterson, Esq., has a 
specific gravity of 0*814, and will yield ninety per cent of pure lamp oil. 
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from those distilled from coals. They require a greater 
heat in their distillation, and their vapors are extremely 
inflammable. These petroleum oils usually commence to 
boil at 160° Fah., but sometimes at a still lower degree of 
heat The lighter or spirituous parts of the charge then 
begin to distil oflf, and as the heat is increased the heavier 
portions come over in succession until the thermometer 
reaches 565°, when paraflBne, if any be present, will begin 
to appear. It is therefore extremely difficult to obtain any 
one specific oil, of which the aggregate is compounded. A 
thermometer fixed in the still indicates the boiling or dis- 
tilling point of the mass at the time of observation, and 
nothing more. Each of the oils composing the aggregate 
collection has a different number of the equivalents of 
carbon and hydrogen, with which the several boiling 
points doubtless agree ; but the exact rate at which the 
boiling point does increase, according to the proportions 
of carbon and hydrogen present in the several oils, has 
not been accurately discovered. 

Laurent has given the ' composition of some of the oils 
distilled from bituminous schists as follows :—< 

Boiling Pointa. Cuton. Hfdrog«n. 

144° 86 14-3 

17r 86 141 

216° 86-2 13-6 

304° 85 60 14-6 

St. Evrre gives the following : — 

Boiling Points. GarboaL Hydrogen. 

520° and 536° .... 36 34 

486° " 600° .... 28 26 

414° " 428** .... 24 22 . 

268° " 275° .... 18 16 
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• 

Candle Tar. — When the tar resulting from the manufiawj- 
ture of stearine is submitted to distillation, it sends over a 
series of oils, the chief number of which are good illumina- 
tors. Paraffine also appears in the latter part of the ope- 
ration. Frequently there is the production of much aniline, 
the vapor of which produces a burning sensation in the 
throat and nostrils, and is very unhealthy. These oils are 
easily purified by alternate washings with sulphuric acid 
and solutions of the caustic alkalies, with final distillation. 
They are of a light orange color. The lighter oils are 
colorless, and by rectification they may be obtained of a 
specific gravity not exceeding 0"680. The denser oils are 
superior for lamps. 

Caautchenej or oil of caoutchouc, is produced by the 
distillation of India rubber, at a moderate heat. A series 
of light oils, easy of purification, is the result. The vapors 
are very heavy, and dissolve the resins, shellac, and amber. 
These oils have been represented as being caoutchene, which 
boils at 72"^, Faradayine at 96°, eupione at 124*", and 
caoutchirie at 880°. 

GhiUa Percha yields oils nearly allied to the above. 

Peat has been extensively distilled for oils in Ireland, 
and also for its soluble products and paraffine. Its ordi- 
nary productions from a ton, when worked by Reecis' 
patent, are — 

Ammonia 0*289 

Acetic Acid 0*207 

Naphtha 0*140 

Oils 1*059 

Paraffine 0-125 

The Irish Peat Company, in the County of Kildare, 
obtain from every ton of peat three lbs. of paraffine, two 
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gallons of lamp oil, and one gallon of lubricating oil. In 
America, where the materials for manufEU^turing those oils 
are rich and abundant, it is not probable that peat will 
ever be employed for such objects. The coke of peat 
affords fuel, and may be used in the decolorization of sugar. 
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CHAPTER V. 

Composition of distilled oils. — Homologous compounds. — Table of the 
same. — Ck>mpound8 of Carbon and Hydrogen^ — Gaseous compound&-« 
Homologues obtained from coal tar, coal, bitumen, caoutchouc, eta 

OXYGEN OILS. 

Before entering upon a description of the methods 
employed for the purification of the before-mentioned oils, 
it is considered necessary to give some account of their 
component parts and their derivatives. Oxygen enters into 
the composition of all animal and vegetable oils, unless 
those oils have been submitted to distillation, which, in 
genera], removes their oxygen and changes their charac- 
ters. The oils distilled from plants with water are known 
as essences, or essential oils. They seldom contain oxygen, 
and are therefore called hydro- carbon oils. The volatile 
vegetable oils contain oxygen perhaps without an exception. 
The oils distilled from the bituminous and oleaginous 
sub^nces described in the preceding chapters contain no 
oxygen when they are pure ; they are composed of carbon 
and hydrogen, and are therefore hydro-carbon oils. The 
greater the quantity of carbon, in proportion to the hydro- 
gen any one of them contains, the greater is its specific 
gravity, the higher its boiling point, density of vapor, and 
tendency to smoke when employed for the purpose of illu- 
mination. An excess of carbon, however, does no harm 
to any oil designed for lubrication, but rather gives it con- 
sistency and durability. Regarding lamp oils, the greater 
the amount of carbon they contain the greater will be their 
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. illuminating powers, and therefore that is the best lamp, 
which, when lighted, will decompose the greatest amount 
of carbon in the flame. It is to the equivalents of carbon 
and hydrogen contained in oils the attention turns as to 
a starting-point in this inquiry. 

ORGANIC AND HOMOLOGOUS COMPOUNDS. 

It is well understood that certain series of organic com- 
pounds occur, in which the quantities of carbon, hydrogen, 
oxygen, and nitrogen increase or decrease, rise or fall, in 
exact and certain quantities, or numbers of equivalents. 
Take, for example, twenty volatile acids, as given by Dr. 
Gregory, and with a general formula of Ca Hg O^* as fol- 
lows:-- 



1 Formic acid 

2 Acetic " 

3 Propylic acid 

4 Butyric " 

5 Valerianic acid 

6 Caproic " 

7 (Bnanthylic " 

8 Oaprylic " 

9 Pelargonic " 

10 Caprio " 

11 Margiritic " 

12 Laurostearic ^' 

13 Cocinic 

14 Myristic 

15 Benic 

16 Ethalic 

17 Margonic 



a 



u 



u 



u 



u 



= 0, H« 0, 
= C4 H4 O4 
= C. H. O4 
= C. H, O. 
^ Cio Hio O4 
= Cit Hia 0* 
= Cm IIu 0. 

= C. Uu O4 

= c. n« O4 

:= Cm Hso 0* 

= Cm H« O4 

^ C24 H«4 O4 

= Ca« H«« O4 
= Ca* H«« O4 
= Cm Hm O4 
= Cot Hw O4 
== Cm H»4 O4 



♦ Handbook of Organic Chemistry^ 8d edition. By William Gregory. Lon- 
don, 1852. 
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18 Basic acid = 0„ H„ O4 

19 Balenic " =: 0„ Hm O4 

20 Behenic " = C« H4. O4 

21 Cerotic " = 0„ H^ O4 

22 Melissic '' = C^ H40 0* 

Here ^e see the quantities increased by the number 2, 
while the oxygen 4 is constant. 

By his able and ingenious researches Laurent discovered 
a law of substitution by which one element is replaced by 
another, according to a perfect and harmonious system. 
The Correctness of this doctrine received confirmation bv 
Dumas, Dr. Hoffman, and Baron Liebig, and its opponents 
yielded up their views to its facts. 

" Of fifteen elements, the equivalents of ten of them, or 
two-thirds, are represented by whole numbers, that is, they 
are exact multiples of that of hydrogen, the lightest of 
them all. They are — 

"Hydrogen =1-0 

Oxygen =8*0 

Nitrogen = 14*0 

Sulphur = 160 

Bromine , = 80-0 

Iodine = 1260 

Fluorine = 19*0 

Phosphorus ......= 32*0 

Arsenic =5 76*0 

Carbon =6-0 

" If only ten of these were known to us, the law would 
immediately be assumed that the equivalents of the ineiaUoidal 
elements are exact miditples of the equivalent ofhydrogeny* 

A series of types has therefore been discovered. Those 
types consist of different elements, and to which other 

♦ Ekmenta of Chemistry, By M. V. Regnault. Vol i^ p. 347. 
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simple substances may be added, or replaced while the ori- 
ginal type is preserved. The series of volatile oily acids is 
only one of a number of such series already made out, and 
to which the oils distilled from oleaginous and bituminous 
bodies must be added. These series are homologous. Each 
member of them differs from the others by a certain num- 
ber of the equivalents of carbon and hydrogen, or by a 
multiple of them. In their properties these compounds are 
perfectly analogous, and only diflfer in degree, and the 
difference is exactly in proportion to the amount of carbon 
and hydrogen they contain. 

Taking the example given by Dr. Gregory — 

" Pyroxilic spirit is C, H4 0, 

Alcohol is C4H. Oa 

C.H 0, 

C« H,o Oi 

Oil of potato is G,o Hia Oa 

Then the alcohol and pyroxilic spirit differ by Cj H^ 
The oil of potato and pyroxilic spirit differ by 4 Cj H,. 
The compounds between the oil of potato and alcohol have 
not been discovered. 

When a series of substances, especially if derived from 
the same source, is discovered to have analogous properties, 
it may be presumed that their compounds are homologous. 
Although some of the membera of the group, or links in 
the chain, are undiscovered, they may. yet be obtained, and 
the perfect series completed. It is only a few years since 
two of the acids obtained by the oxidation of alcohol — the 
formic (Cj H O3) and acetic (C4 Hs O^ — were known. Now 
recent discoveries have filled up the series to sixty equi- 
valents of carbon. 

The alcohols and ethers, and the acids of their different 
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series, differ by Cj H,, or multiples of one or both of these 
numbers. Still, in all the members of a group there is a 
family likeness. Here, also, the boiling point, and the 
density of the vapor, are governed by the proportion of 
carbon present. Ethyle, methyle, etc., have their deriva- 
tives. Each of these derivatives is the starting-point of a 
series of homologues. M. Dumas, Dr. Gregory, and others, 
have brought to notice the great analogy between the ele- 
mentary groups — chlorine, bromine, iodine, potassium, 
sodiuili, lithium, etc., and homologous organic groups. 
Every organic compound belongs to some series in which 
each individual member of the elementary substances is 
increased or diminished by certain regular and fixed quan- 
tities. The fact may be again repeated, that the oils before 
described as resulting from the distillation of the different 
oleaginous and bituminous compounds, are not each a 
single oil of their kind, but consist of many members, which 
form a series of oils distinct one from the other. They 
have the same root, but differ in the branches. Each mem- 
ber of all their several groups contains a different num- 
ber of the equivalents of carbon and- hydrogen, forming 
chains which rise, step by step, from the solid to the liquid, 
and from a dense liquid to a light and extremely volatile 
spirit, and finally to a gas. Again, each of those members 
is capable of forming entirely new series of compounds, 
when combined with other elements. As regards the original 
oily groups, when their components of carbon and nitrogen 
are the same, their properties will be the same, irrespective 
of their origin. They will give the same amount of light 
when burned in lamps, and be equally applicable to useful 
purposes. This likeness can only be discovered by their 
specific gravity, boiling points, and, more important than 
all, by their ultimate analysis by the chemist. As all 
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those oils are capable of aflfording light, and the term 
"photogen" applies only to one of them, the appella- 
tion of hydro-carbon, or lamp oils, has been applied 
to all that are now consumed for illuminating pur- 
poses. 

-As the oils here treated of consist of carbon and hydro- 
gen, some notice may be taken of those two elements. 
Carbon occurs abundantly in the animal, vegetable, and 
mineral kingdoms. In its pure and crystallized state it 
constitutes the diamond. It is the chief substance of plum- 
bago, and frequently forms more than ninety per cent, of 
anthracite coal. It is essential to the organization of ani- 
mals, and enters extensively into the composition of mine- 
rals, especially the varieties of coal, bitumen, petroleum, 
etc., and all substances of vegetable origin. Carbon ap- 
pears also in the gases of coal mines, as carburetted hydro- 
gen, or fire-damp, or carbonic acid, or choke-damp. When 
organic matter is heated in close vessels, volatile substances 
are expelled ; these consist of carbon, hydrogen, nitrogen, 
and oxygen ; the residue is carbon mixed with the ash — 
the minerals that enter into the composition of the wood. 
Carbon is without taste or smell, and insoluble. It resists 
decomposition, and, when buried in tl^e earth, is imperish- 
able. 

Combined with oxygen, carbon forms two gaseous 
compounds, carbonic acid and carbonic oxide. Car- 
bonic oxide may be considered a compound radical. 
It combines with chlorine, oxygen, and the metals. It 
is a transparent, colorless gas, without taste or smell, 
and, when inhaled, is fatal to animal life. This gas takes 
fire, and bums with a fine blue flame, which is often seen 
on the sur&ce of coals burning in a grate. 

Carbonic acid is formed by the respiration of animals. 
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and hf vinous fermentation. It is a product of combua 
tion, and is produced artificially by the action of acids 
upon carbonate of lime. It is a colorless gas, and so much 
heavier than air, that it may be contained in open vessels. 
The effervescing properties of wine, beer, soda-water, 
and some mineral waters, arise from the presence of this 
acid. It forms the food of growing plants, a part of which 
they retain in their structures. Another part is expelled, 
and is found in the atmosphere. 

Hydrogen forms one-ninth part, by weight, of water, and 
exists in vegetable and animal substances. It has neither 
taste, color, nor smell, and is the lightest substance dis- 
covered in nature. It is nearly sixteen times lighter thto 
oxygen, and fourteen and a half times lighter than air. It 
was, therefore, first employed in floating air balloons. A 
pressure of a thousand atmospheres has no sensible effect in 
the condensation of hydrogen gas. Sound moves with 
three times the velocity in hydrogen that it does in com- 
mon air, and it refracts light with more power than any 
other gas. The greater the quantity of hydrogen present 
in any body, the less will be its weight, or specific gravity. 
It is thus with the hydro-carbon oils. Hydrogen is also 
the most inflammable substance in nature ; it burns with 
an almost colorless flame, and great heat. The opinion is 
entertained by some, that hydrogen is a gaseous metal, as 
mercury is a liquid metal. 

Carbon and hydrogen^ hydro-carbons. — Carbon and hydro- 
gen combine in a great number of proportions, and conse- 
quently produce numerous compounds ; and as both 
elements are combustible, their compounds are also com- 
bustible and inflammable. By some these compounds are 
called carbo-hydrogens. At the ordinary temperatures, 
some of these are solid, suc^h as paraffine, naphthaline, etc ; 
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Others are liquid, as the oils of lemons, naphtha, etc. Two 
of them are gaseous, namely, light carburetted hydrogen gas, 
and olefiant gas, which are the roots of two, if not more, 
series of compounds. All these compounds are the pro- 
ducts of vegetables, or they are produced from the decay 
or destructive distillation of organic matter. 

Carburetted hydrogen (C, Hj) mixed with atmospheric air 
is the explosive fire-damp of coal mines, and it frequently 
issues from the earth through fissures connected with beds 
of coal, or collections of petroleum. When mixed with 
twice its volume of oxygen, it explodes with great violence. 
If mixed with about six times its volume of air, it also 
explodes. By this mixture gasometers have been blown 
up with terrible eflfect 

Bi'Carburetted hydrogen^ or okfiant gas (Cj H,), mixed with 
the above and other gases, occurs in coal mines. It is also 
transparent and colorless. It takes fire readily, and bums 
with a white fiame, giving out much light. It is also the 
root of an extensive series of hydro-carbons. This gas and 
the preceding carburetted hydrogen, when pure, form what 
is known as coal gas, now extensively employed to light 
cities. Its value depends much upon the quantity of defiant 
gas contained in the mixture. 

The light produced by the combustion of the hydro- 
carbon oils is like that of coal gas. It is from gas in both 
instances. The oils are put in lamps, and inflamed ; the 
gas is produced at the top of the wick, and decomposed 
instantaneously. In the other instance, the gas is made by 
heating the coals in retorts, and storing it in gasometers 
ready for use, and its distribution through pipes and 
burners. In the benzole, or atmaspheric light, the vapor 
of the hydro-carbon is conveyed in the air to the burner, 
and there burned as coal gas. The fluctuations in the con- 
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densation of this vapor by changes of temperature are 
impediments to this mode of supplying artificial light. 

Homologous series obtained from coal tar. The radical 
is Cio H4 ; the multiple is Cj H,. 





Boiling point 


Spec gi 


Cio H4 


135- 




Cia H« Benzole . . 


. . 186- 


850 


Cii Ha Toluene . 


. . 237* 


870 


C. Hio Xylole . . 


. . 288- 




Cis His Cumole . . 


. . 339- 




Cao Hu Cymole 


. . 490** 





It will be here observed that the boiling point rises 
25'6® for every additional equivalent of carbon. By the 
action of chlorine, bromine, nitric acid, etc., each of the 
above hydro-carbons forms the root of other distinct and 
well-defined series.f 

Homologous series obtained from the Idtmnen of Trinidad^ 
distilled at a low heat : 



No. 



Carbon. 



1 


4 


3 


2 


5 


4 


3 


6 


5 


4 


7 


6 


6 


8 


7 


6 


9 


8 


7 


10 


9 


8 


11 


10 


9 


12 


11 


10 


13 


12 


11 


14 


13 


12 


15 


14 


13 


16 


15 


14 


17 


16 


16 


18 


17 


16 


19 


18 


17 


20 


19 


18 


21 


20 


19 


22 


21 



Uydrog. Spee. gitv. Boiling point 

3 only pArtially condensed. 

0-715 130* 

0-775 180- 



Embracing the hydrocarbon oils 
suitable for lamps. Specific 
gravity of the whole when 
mixed, 0'819. 



Paraffine. . 

* Generally represented as Cm Hie. 

f See Gregory's Eandbock of Organic Chemistry, 8d edit, p. 129. 
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The bitumeil of Caba, Albert ooal| bitaxninous shale of 
Albert county, the petroleum <^ Yiiginia, and candle tai^ 
produce the flame aeries of bydroKsarboiML 

The series obtained from Breokenridge coal, distilled at 
an average heat of 780**, was as follows : 

Ho. Carbon. Hjdsof. 

14 2 Suppofied to exist, bnt not oondensed. 

2 6 4 



3 8 6^ 

4 10 8 
6 12 10 

6 14 12 

7 16 14 

8 IS 16 

9 20 18 
10 22 20 Pftnffine. 



Smbcacing the bydro-oirbon oOs 
■uitable for lamps when mixed. 
Spee. gnrf. 0^10. 



A ooal ficom Kanawha^ Yiiginia, when distilled atabi^ 
of 900% gave part of a series thus : 



Now Ovbon. HTdrog. 

18 4 

2 12 8 

3 16 12 

4 18 16 



Caoutchouc was distilled at a moderate heat, and the 
following was the series produced : 



No. 

1 


Carbon. 
8 


Hjdrog. 

7 


iflp. grtr. 
678 


BoUinf point 
94 


2 


9 


8 






3 


10 


9 






4 


11 


10 






5 


13 


11 




1 


6 


14 


12 







Other series of hydro-carbons might be laid down ; but 
the foregoing are sufficient to demonstrate the existence of 

7 
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a sjBtem which oannot be carried forward to perfection 
without great labor and research. This system is being 
gradually extended to every branch of chemistry, and is 
bringing the science into a beautifal harmony with mathe- 
matics, and its kindred study, astronomy. 

To the manufSEUSturer it is of the first importance. It 
teaches him that he has to deal with a great variety of 
compounds. An increase in the degree of heat employed 
in his operations will change the properties of his products, 
increase the proportions of carbon, and defeat him in his 
objects. A tempen^ture too low will give results to disap* 
point him. He cannot fail to observe the different proofi 
at which his oils flow from the still, and the constant 
increase of heat required to produce them in the process of 
refining and purifying ; and having obtained even an in- 
distinct view of the point he would reach, his skill and 
experience will bring to him that knowledge of his art 
he desires. 
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CHAPTEE VI. 

Qzkbtioii of the impnritias contained in erode hjdio-cerbon ofile.-— Action of 
aoidfl» ftUtaJi^ and other agenti. — Sulphuric acid, nitrio aoid, pennanga- 
nate of potash. — ^Methods of purification.— Extracts from patemts, eta 

When oils were first distilled from coalsy few attempts 
were made to free them from their offeoaive odoons, or 
remove their coloring matters. The onlj mode practised 
was fraotioDal distillatian, which is altogether quite inef- 
fisetual for that parposa Although the oil made by the 
Sail of Dundonald in 1781 was burned in lamps, it does 
not appear that any process of purificalion was practised at 
that time. The earliest nuxle of purifying petroleum was 
simply to distil it with waiter, and this is more beneficial 
than some of the nuxles practised in the ptesent day, by 
which the oharacters of the oils t^ changed and their illu- 
minating powers deteriorated. 

The great number of impurities contained in the oils distil- 
ledfirom coals, whether from Qoal tar or crude coal oil, renders 
their purification somewhat difficult, expensive, and uncer^ 
tain. The varieties of coals and other substances employed 
to obtain hydro-carbon oils^ the fluctuations of heat in dis- 
tjllation, and varying qualities of reagents, will ever require 
the care and skill of the practical chemist to overcome 
them. Much has been done in the purification of those 
oils, much is still to be performed before they are made 
peirfect, namely, free from all ofiensive odor, ajid free from 
color. The great difierence observed in the qualities of 
the oils in the market arises less from tlie difiEerent modes 
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by which those oils are treated, than from the properties 
of the coals from which they were distilled. 

ACIDS, ALKALIES, AND OTHSB OXIDATINa AGEKTS. 

Acids, alkalies, peroxide of mangaaese, permanganate of 
potash, bichromate of potash, etc., have been tmq)aringly 
used in the purification of hydro-carbon oils, on aocoimt of 
their oxidating properties. The object of chemists has been 
to impart oxygen to &e impurities, by which they sepa- 
rate themselves flnom tlie oils, and generally fSsdl to the bot- 
tom of the vessel that contains them. 

The oxidation of organic oompoimds takes place in sev^ 
ral ways. In combustion atmospheric oxygen is aided by 
a high temperature. If the supply of air be deficient^ as 
in the case of a buming lamp, the hydrogen, from a greater 
attraction for oxygen, is oxidated, and the carbon of the 
oil appears in smoke or soot The decay of wood is pro- 
duced by oxidation, and ulmine is the result So also m 
some of the impurities in hydiOHsarbon oils; their combi- 
nation with oxygen gives them new characters, by wyoh 
they no longer remiaiin with dieir native liquids. Beagents 
may be applied to oils that will not separate from them 
until exposed to the heat of distillation. By its oxidating 
properties permanganate of potash converts sugbr into 
oxalic acid. Bichromate of potash diluted with sulphuric 
add converts salicine into the hydruret of salicile, or oil <tf 
spirea. 

Action of etdpkurie acid, — ^In general, when sulphuric 
add is applied to oi^ganic compounds (and such are the oils 
under consideration), it decomposes, or chars them. By 
the aid of heat its efiects are more powerful, and it tran&> 
mutes starch and lignine into grape sugar. Its action upoa 
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naphthaline and olher compounds of carbon and hydrogen 
has been before noticed. Paraffine is not sensibly affectedi 
when boiled with snlphuric acid For this reason it is 
employed in the purification of that substance, as it abso- 
lutely bums oQt all its impurities. Sulphuric acid, or oil 
of vitiol, is now universally used in the purification of coal 
oils, by which some of their impurities are converted into 
tar, or rendered soluble in water. The add may be s^)a* 
rated firom the tar by ctistillation. This acid always* decom- 
poses a part of the oils in proportion to its strength and 
die quantity employed. It is a powerful purifier. It 
removes one kind of odor and substitutes another less dis- 
agreeable. How &r it changes the characters of the oils 
has not been determined ; but in some instances, when it is 
used in large quantities, there can be no doubt it produces 
what may be called; atdphcnnls, which are unchangeable by 
the use of alkalies. Certain it is that these sulpfao-oils are 
quite dissimilar to the natural oils obtained by the frae- 
tional distillation of coal oils, and are inferior to them for 
the purposes of illumination. The powerful effects of the 
before-mentioned acid in removing impurities from the dis- 
tillates of coal, and its cheapness, have brought it into 
general use.* 

Action of nitric acid. — The operations of nitric acid upon 
organic substances are very numerous. It usuaUy, if not 
always, produces one or more acids. From gum there 
comes mucid add ; from indigo, indigotic and nitro-picaricr 
adds ; fh>m stearic add, margaric acid, etc. Lanrent has 
dearly described the action of nitric acid upon naphtha- 
Mne. 

Benzole admits of having its hydrogen replaced by one, 



* The awnige speoifie gnri^ of oommerdftl snlphtiiio add is l*80a It 
aometiiiies contains nitric add. 
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two, or three equivalents of nitric acid. This remark 
applies equally to eupion and all the lighter products dis* 
tilled from coals, petroleum, etc All these compounds 
have an aromatic odor. As an instance, when benzole is 
saturated with Aiming nitric acid, and water is added to the 
hot solution, nitro-benzole subsides as a yellow oil with the 
odor of cinnamon. It is sold as the oil of bitter almonds. 
Other light hydrocarbons give similar results, and a great 
number of oils, useftil for perAimery and cookery, may be 
produced Arom them. 

As an oxidator nitric acid is more powerful than sul«> 
phuric acid ; but it exerts a greater action on the oils them* 
selves, changing them into nitro oils, and removing them 
further away from the natural products of the material first 
employed. 

Permanganate of potash must be included among tlie 
materials used for oxidating the impurities contained in 
distilled oils. Its effects are feeble when compared with 
those of sulphuric acid, and its price is too great a draw- 
back on the profits of the manufacturer. 

METHODS EMPLOYED FOR THE PURIFICATIOir OP HYDBO- 

CARBOK OILS. 

The earliest writers on the production of oils from coals 
and other analogous substances, did not describe any very 
satis&ctory mode by which those oils could be purified. 
Selligue was perhaps the first to supply a method for this 
purpose; and it appears in the voluminous specification 
of his patent."^ He commenced by agitating the oils witli 
sulphuric, muriatic, or nitric acid. The a^tation was con- 

* SpedfioatioQ No. 10,7S6, English Patent Office. Traiulated by Da 
Buiason. 
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tinued for some time, so that eveij particle of the oil 
should be brought in contact with the add, and a certain 
change of color had taken place. His aghatons were of 
peculiar construction, and he has described them at length. 
After the oil and acid had been allowed time to separate, 
the former was decanted and washed with soap-maker's lye, 
proof 86^ to 88^ Baume. Thus a part of the coloring 
matter was precipitated, although aome of the lye was sub- 
sequently permitted to go into the still with the oils. 
Fractional distillation was also resorted to, which with 
variations in the above mode enabled the chemist to pro- 
duce oils of good quality. The specificatibn of Selligue 
was written with great care; but his operations were 
complex and expensive. The alternate use of adds and 
alkalies forms the principal feature in the purifioatioQ of 
those oils at the present time. 

icaksfield's process. 

In 1847 C. B. Mansfield of Cambridge, England, obtained 
a patent for the ^' purification of spirituous substances and 
oils" derived from coal tar, &o. Of the products of coal tar 
he describes five, namely, aUiole, benzole, toluole, cam* 
phole, mortuole, and nitro^bensole ; for each of these classes 
he modified the treatment To alliole and benzole, he 
applied diluted sulphuric or hydrochloric acid, and agitated 
the mixture, which was allowed to settle, when the acid and 
impurities were drawn off. The spirits and oils were then 
agitated with water, which was also afterwards removed, 
and the spirits and oils placed in a vessel of fresh burnt 
lime, and finally rectified by distillation. The toluole, etc, 
were purified by a similar method, except that stronger and 
greater quantities of the acids were employed, and the 
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number of distiUatioiis increased. The specifioation of this 
patent is also of great length, and directed to objects foreign 
to the purification of the oils derived firom bituminous sub* 
stances. 



young's frocbss. 



This allied improyement conosts in treating bituminous 
coals in such a manner as to obtain therefirom an oil con- 
taining paraffine, which is denominated paraffine oil, and 
fixHn which Mr. Young obtains paraffine. He employs 
" Parrot coal," " cannel coal,^ and " gas coaL" These are 
broken up to about the size of a hen's egg, and distilled in 
common gas retorts with worm pipes and the ordinary refii* 
germtors of stills, the water in them being kept at a tern* 
perature of about 55*^ Fahr., by a stream of cold water 
entering the worm cistern. The retort is kept at a "&m; 
red heaif a higher heat will produce gas rather than oil. 
The retort is heated up gradually, and the product is an oil 
containing paraffine. 

The crude oil is put into a cistern, and steam heat applied 
up to about 166^. This sepamtes some of the impurities, 
and the oil is run off into another vessel, leaving the impu* 
zities behird. The oil is then distilled in an iron still with 
& worm pipe and refrigerator, the water in the latter being 
kept at 65^ Fah. The oil thus distilled is then agitated 
with ten per cent of oil of vitriol one hour. It is then 
allowed to settle twelve hours, when it is drawn off from 
the acid and impurities into an iron vessel, where it is again 
agitated with four per cent of the solution of caustic soda 
of specific gravity 1*800. Six hours are again allowed for the 
alkali and impurities to settle, wh^a the oil is again dravna 
off and distilled with hatf its bulk of water ; water being 
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run into the still firom time to time to supply the quantitj 
distilled o£ The lighter oil oomes over with the steam, 
and is employed for illominatioQ. The oil left in the still 
is oarefull J sqaarated firom all water and put into a leaden 
vessel, and there agitated with two per oent of oil of vitriol. 
It is then allowed to settle twenty-four hours. This oil is 
then run into another vessel, and to every 100 gallons there 
are added twenly-eight pounds of chalk, ground up with 
water into a paste. The oil and chalk are agitated toge- 
ther until the oil is finaed fiN>m acid. After it has remained 
a week at rest, it is used for lubricating machinery, and may 
be mixed with animal or v^^ble oils for that purpose. 
To obtain the parafflne the oil containing it is brought 
down to a temperature of 80^ Fah., when paraffine will 
crystallize and separate itself from the oil, or it may be 
filtered and finally submitted to pressure. Again it is agi- 
tated witii its bulk of oil of vitriol, and the operation 
repeated until the acid cesses to be colored by the paraf- 
fine, which is kept melted during the operation.* What- 
ever may be the merits of this mode of obtaining lubricat- 
ing, or paraffijie oil, so called, the lamp oils are of a dark 
reddish-brown color, and of an unpleasant odor. They 
also incrust the wick of the lamp in burning. It is evident 
that the quantity of acid employed is too great, and by 
which a part of the oils are decomposed. In the purification 
of the paraffine the oils are charred, or burnt out The 
paraffine alone resists its action. 

KSROSIBKS PBOCXSS. 

The spepification describes the process for obtaining oils, 
denominated Kerosene, from "bitumen wherever found.'' 

* Bxinieted from the palent of Jaaes Toon^ 
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water. They are then taken to a diying-fumaoe of the 
following constroetion : A space bj preferenoe of two 
hundred feet in len^i and twenty feet in widths is inter^ 
sected by walls of two ftet high; at the distance of eyery 
foot feet these walls are bound together by aiehea of one 
bride thick, and on these aiches the coals and Intuminotis 
alate are spread. 

'^ The space below the arches is filled up with the residue 
firom the retorts. 

^The coals or bituminous slate^ when dried, is distilled 
in xetortSy whodi axe so far different from dioee used at the 
gas-works, that the pipes for letting out the produce of 
distillatioii are on the opposite ends to those where the 
doors are. Oyer eadi flre are two i^torts, each by prefer- 
ence, of about eight feet long, and two feet wide, with an 
opening of five inches, to let out the produce of distillation. 
The fire runs below the retorts in a direction firom firont to 
back, the fire bars only extending part of the way. I pre- 
fer to acrange a stack consisting of eight fires and sixteen 
retorts around one chimney, by which means I am enaUed 
to lead the flame &om one fire to the others, and by that 
means to heat the retorts by a graduated heat. 

'^ The products of distillation of the sixteen retorts meet 
together in one iron pipe about eighty feet kmg, and two 
feet diameter, which is surrounded by anodier, so that cold 
water can run between the two pipes for cooling. The 
gases, afVer haying passed this pipe, enter in two cylinders, 
about twelve feet in height and four feet in diameter. These 
cylinders are filled with iron wire ohipa The gases, after 
haying passed the cylinders, pais through aaother iron 
inpe, fbrty feet high into the air, which p^ to regulate 
the draught, is furnished with a regulator. 

'^ It is important that the produce of distillation should 
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not be oonducted so as to produce pressare in the re^. 
torts. ' 

^' The piodnce of dktillatioii rane into a general xesenroir, 
and the reeenroir is so arranged that the condensed pro* 
dncdons will hare an ayemge heat*<]f 80^ centigmde. The 
oils separate 4hen»elves here from the ammoniacal water. 
The ammoniaoal water is thrown oyer the cooled residue 
of the dryitig fomaces, and mixed with it, which produces 
a very good manure. The tar, after being separated from 
ammonia, is distilled^ and the product of distillation is 
cooled bj the memas of a lead pipe, standh^ in a cooHng 
apparatus, the water fer ooc^ng being kept always luke- 
warm« The product of distillation is divided into three 
qualities : No. L frdm the beginning of tiie distillation to 
0-865 specific gravity. No. IL from 0-866-0-900 spedflc 
gravity. No. III. from 0*900-1-980 q)ecific gravity. 

'^ The produce No. I. is mixed with suljdiuric acid and 
hydrochloric acid, at a temp«<atare of 2S^ centigrade. 
Three hours afterwards the oil is taken off and washed 
with a solution of caustic soda, at 60*^ centigrade : it is left 
two hours, and ih^i separated from the solution and diir- 
tilled. In the still is mixed a concenlTated solution of soda. 
After the distillation theoils are light yellow, and give an 
average weight of 0*816-0*825 specific gravity. To cor* 
rect the smell I wash the oUs again with sulpbiuic dcid 
and hydroohkmo acid, separate them fromf the solution, and 
wash with concentrated solution of aoda. 

it The oil No. IL is treated the same as No. I., but with 
diflbrentquantitiesof acids,andat a tempewture of 86* oettti** 
grade. The product, after the distillation, is a lighter oil. 

*^ The oil No. m. is the product for the preparation of 
the finest oil and paraffine eandles. This cnl is treated with 
sulphuric acid and hydrochloric acid, at a temperature of 
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SS** centigrade, and allowed to stand ; it is then separated 
from the acids, and washed with a solution of soda, at a 
temperature of 60'' centigrade, and distilled. The oil con- 
tains paraffine, and is taken to a cool cellar at an ave- 
rage temperature of 12'' centigrade, where it remains in 
iron butts for eight days. After this time the paraf- 
fine is separated from the oil by means of a centrifugal 
machine and cast in cakes, and pressed in a cold hydraulic 
press ; afterwards melted and mixed with sulphuric acid, 
then separated and washed in water ; it is then heated and 
cast in cakes, and again pressed by a heated press ; after- 
wards again melted and mixed with sulphuric acid at a 
temperature of 70° centigrade ; the acid is drawn of^ and 
the paraffine is washed in water, after this it is melted with 
stearine." 

In some instances the retorts are placed in a circle around 
the chimney, and two of them are heated by one furnace. 
The gaseous producta of the distillation are conducted into 
a large iron pipe, upon which a stream of cold water plays 
constantly to produce the necessary condensation. The 
uncondensed gases escape at the end of the condensing pipe 
and are lost The oils and other liquid products of the dis- 
tillation flow into a cistern, whence they are pumped for 
purification. 

Having been separated from the aqueous products the 
oils are submitted to the purifying process. Some chemists 
have the oils mixed with four per cent of sulphate of iron, 
in cast iron cisterns, supplied with agitators worked by 
machinery. Next the charge of oil is distilled, and for this 
purpose various expedients have been resorted to. Some 
distil m vacuo, others employ common, or superheated 
steam. The latter obtains the preference, especially for the 
heavy oils. 
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The distillate is usiiaily divided into two parts, 
first is pennitted to run from the still until the specific gn^' 
vitjr comes up to 0*870. The second port embraoes all the . 
remainder of the distillate. The first part is then agitated 
four hours with six per cent of concentrated sulphuric 
acid, one-eighth per cent, of bichnnnate of potash, and one- 
half per cent of hydrochloric add. The second part is 
treated in the same manner, exc^t that the sulphuric acid 
is increased to eight per cent, with on&«ixth per cent <^ 
bichromate of potash, and one per cent of hydrochloric 
add After the add impuritieB, etc, have subdded they 
are drawn ofT and the oils are agitated two hours with lye 
and steam. 

The oils are then distilled, great care bdng taken that 
they should not ''boil over." By this mode lamp oils, 
heavy oils, and paraffine are produced. The paraffine is 
{mt in a oool place and allowed to crystaUiae in the usual 
manner. 

At.Bitterfiddthe coal is broken into small pieces and dis- 
tilled in elliptical retorts dght feet in length. The discharge 
pipe is of large sice aad oppodte the head of each retort 
Pressure upon the material while it is undergoing distilla- 
tion is avdded as much as possible. The purification con- 
sists in the aUemate use of adds and solutions of caustic 
alkalies. 

Dr. Yohl, of Bonn, commences the distillation of paper 
coal at a low heat, which is gradually raised up to a red 
heat, and he remarks that slates containing twenty-five per 
cent of water yielded the largest amount cjf oil. The 
autiior has observed the. same fiMst in the distillation of bitu- 
minous shales imported to New York from Pictoti, Nova 
Scotia. When ihe retorts are first charged with those 
shales, steam is generated fix>m the water contained in them. 



i 

* • 



• 



• • 



• • 



102: "- BBOOXAir'S PATKNT. 
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• « 

JVyilh die steam some of the lighter oils are distilled over, 

^ 'and with it eondense. The e£fect is quite similar to that 

''-.produced by admitting steam into the retort at the com- 

.\-'.*'menoement of the decomposing dicftillotion. In both in* 

stances the qoantitj of oils is increased. 

BroomarCs Pafent.—* Among the lists of patents fi>r the 
purification of hydro-calrbon oils, this patent^ which is dated 
London, February 28, 1866, has been overlooked, with 
several otheirs of equal importanoe. The patent is for 
^'improvements in treating bituminous shale. Boghead 
mineral, and other like schistose bodies, in order to obtain 
yarious commercial products therefix>m." 

The schistose bodies are first decomposed in common 
retorts. The receiver is placed at some distance firom ihe 
retorts, and receives through pipes a part of the gas gene* 
rated in them. Condensation is effeoted in refrigerating 
pipes kept cool by water. The oils are treated in agita- 
tors, or purifiers with sulphuric acid and caustic soda, and 
then distilled over again. The light oils are separated ^m 
ibe heayy formmiai.atii.gpuipoB<. by dirtOHngdiem down 
to proof 82^ (Gay Lussac's Areometer), aU that remains is 
separated from Ae paraffine. For this purpose the heavy 
oil is placed in refrigerators with double bottoms and 
exposed to a low temperature, by whioh the paraffine is 
separated. The remainder is gathered into bags and sub- 
jeeted to preamre, to remove whatever oil itmay contain.* 
The products lepreeented as being obtained by this mode 



« 1. Essential oiL 

^'2. An oil fi>r lighting purposes. 

" 8. A £Edty, unotuous oil, ibr lubricating nsachinery. 

" 4. A liquid tar, for lubricating purposes. 

• Jounal of Gm Lig^tiiig (London), Sept 16, 1866. 
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" 5. A solid tar. 

"6. A * black/ which may be used in the manufisu^ture 
of printers' ink. 

"7. A * black,* having the properties of animal black. 

"8. Paraffine. 

" 9. Ammoniacal water, containing six per cent, of liquid 
ammonia.'' 

There is some obscurity in the specification of this patent ; 
still the practical manufacturer will readily understand, 
from the above, the nature of the process employed. 

Bodmer^s patent is dated London, February 4th, 1856.* 

" Tars are taken which have been produced by the dis- 
tillation of coal at a high temperature, such as are made in 
the manu&ctur6 of coal gas. This tar, being the cheapest 
at present, is therefore preferred ; but tars produced in a 
similar manner, at a high temperature, -from shale, peat, 
wood, and from bones, or other animal substances, will 
answer the purpose. These tars are placed in an ordinary 
still, into which the bulb of a thermometer is placed, and 
connected with a worm immersed in water ; this water is 
kept regularly at a temperature of between 60® and 80* 
Fah., throughout all the distillations. The heat of the still 
is raised by fire ; and when the thermometer in it rises to 
800** Fah., the instrument is removed, and the products of 
distillation above 200® are run into another vessel, and 
kept separate from the products of distillation below 800^. 
The latter are rejected as unfit for the purpose. The tar is 
distilled to dryness, which is known to have taken place 
when products cease to run from the condenser, the heat 
being always kept up." " The oil obtained from the coal 
tar is purified as follows: This oil is put into a leaden 
tank, and to each five hundred gallons is added ten gallons 

* Journal of Oca-LighUng (London)^ 

8 
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of commercial brown sulphuric acid, of strength 140° 
Twaddle, or about 700 specific gravity, and they are well 
agitated together for one hour. The vitriol is allowed to 
subside, which will take place in t«i or twelve hours, and 
is drawn oflF by a stop-cock placed at the bottom of the 
tank. Another ten gallons of brown sulphuric add is 
then added to each five hundred gallons of the oil, and 
agitated for four hours. The oil, after subsidence, is re- 
moved to an iron vessel, and to each hundred gallons is 
added ten gallons of a solution of caustic soda, marking 
70" Twaddle, or weighing ISi lbs. to the gallon. These 
are agitated together thoroughly for ten or twelve hours ; 
and it is preferred to keep the temperature of the oil in this 
tank up to 80** Fah., both during the agitation with the 
caustic soda and afterwards, for ten or twelve hours. The 
clear oil is then removed into a still, and to each hun- 
dred gallons is added about 20 lbs. of the soda ash of 
commerce, 20 lbs. of slaked lime, and four gallons of 
water, or 40 lbs. of caustic solution of soda, marking 70^ 
Twaddle — or by measure, three gallons, weighing 18i lbs. 
to the gallon, are taken for each hundred gallons of oil put 
into the still, and heat is applied. In general, no oil will 
come over until the heat of the still has reached 300® Fah. ; 
but if slny should come below this temperature, it is 
rejected. When about eighty per cent of the oil put into 
the still has been obtained, the process is stopped. The 
product of distillation is the improved lubricating oil, 
which is named * new tar oil.' It may be used either by 
itself or mixed with other oils, &ts, greases^ and soaps." 

P. G. Barry places the oils in wooden tanks lined with 
lead. In these tanks the oils are agitated with five per 
cent, of their weight of sulphuric acid, during a period of 
three hours. After the acid and impurities have settled, 
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the oils are drawn off into a second purifying vessel, and 
there agitated with five per cent of their weight of caustic 
alkali, or with lime water sufficient to remove all the acid 
present in them. After the alkaline mixture has subsided 
the oils are again distilled. 

Bancroft obtained an English patent for the distillation of 
hydn>carbon oils from the petroleum of Burmah. He 
admits high pressure steam at fi% lbs. to the square inch 
into his stills, and places a fire beneath them until all the 
eupion is distilled over. This part of the distillate being 
removed, the fire beneath the still is increased, and the 
steam forced on, until about ninety per cent of the charge 
is distilled off. At the close of the operation much paraf- 
fine appears, which renders itneoessary that the condensing 
pipes should be kept at a temperature not less than 90^ 
Fah. In several instances the cooling down of the con- 
densing apparatus has led to the bursting of the still. 

A process is recorded in Le Qenie Industriel^ and repre- 
sented as being the invention of Messrs. Dumoulin k 
Cotelle, by which the heavy coal oils are made to bum in 
lamps without smoke or odor. In a close vessel they 
place one hundred lbs. ot crude coal oil, twenty-five quarts 
of water, one lb. of the chloride of lime, and one half lb. 
oxide of manganese. The mixture is thoroughly agitated. 
After a repose of twenty-four hours the clear oil is decanted 
and distilled. Next the one hundred lbs. of coal oil are 
mixed with twenty-five lbs. of rosin oil, and this is con- 
sidered the best part of their mode. This last mixture may 
be distilled if necessary. From the high per centage of 
carbon in the heavy coal oil, and also in the rosin oil, it 
will appear theoretically that this mixture cannot bum 
without smoking in any of the ordinary coal oil lamps, and 
this is found to be the fact in practice. In an argand lamp 
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with a short-topped wick, and a button over the inner air 
tube, or in the camphene lamp, the above oil will bum 
with a short flame and brilliant light, and so also will the 
rosin oil, or the heavy oil, mixed or unmixed ; but those 
lamps are rapidly falling into disuse, being supplanted by 
the kerosene, or coal oil lamp. 

It has been already stated that upwards of one hundred 
patente have been granted for alleged new methods of 
manufacturing and rectifying oils distilled from coals and 
other bituminous mineral substances ; and upwards of forty 
patents have been issued for retorts and other apparatus con- 
nected with this branch of industry. A description of the 
various methods and similarities of operation, with the 
extrfiordinary and unphilosophical &ncies set forth in some 
of those patents, would not interest the practical man nor 
the general reader. The extracts drawn from the foregoing 
patents have therefore been deemed sufficient for this brief 
technological treatise, and to direct the manufacturer of oils 
to the valuable discoveries now placed at his hand. 

The preceding part of this chapter will have shown that 
upon a few leading, and, as it is supposed, essential opera- 
tions, all the patentees appear to agree. Upon non-essen- 
tials they differ as widely as persons do in matters of &r 
higher importance. 

It is conceded at the present time — 

1st, That the crude coal, or other material, must first be 
submitted to dry, or decomposing distillation, and that a 
moderate degree of heat will produce more and better oils 
than a high temperature. 

2d, That the use of a strong acid is necessary in the puri- 
fication of such oils. 

Sd, That the acid must be succeeded by the use of an 
alkali. 
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4th, That it is necessary to distil the oils after the use of 
the acid and alkali. 

It will be perceived by the foregoing extracts, from 
patents for the manufacture and purification of oils, that 
distillation, acids, and alkalies, form the basis of every 
alleged invention ; but upon the quantities, the modes of 
application, and the minor details of working, there is much 
disagreement ; and persons unskilled in chemical science 
have frequently introduced some peculiar mode in the 
application of those agents, to give novelty to their patents, 
or to satisfy their employers of their superior skill. 

The oils from different coals require different treatment 
The oils of Albert coal (asphaltum). Boghead and Breck* 
enridge coal are easily purified; while the oils from the 
ordinary American, English, and Scotch cannels, require 
more skill, and cost more to bring them up to a fair stan- 
dard among the hydro-carbons sold in the market 

The author has made more than two thousand experi- 
ments in reference to the manufacture and purification of 
oils distilled fix^m coal, petroleum, and other materialfi. 
From long practice, and the improvements introduced by 
others, he ventures to lay the following plan before his 
readers, as being generally applicable to the distilled oils of 
coal and bitumen. Petroleum will be noticed in the sequel. 
Regarding the purification of those oils, the present is the 
age of experiment Improvements are constantly advanc- 
ing, and some time may elapse before their manufacture 
is brought to perfection, and the distilled hydro-carbon oils 
attain that commercial and economic value they are destined 
to reach. 
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CHAPTER Vn. 

Buildings and Machinerj. — Method of Manufacturing and Purifying the 
Oils distilled from Coals and other Bituminous Substances, and the Pro- 
ducts derived therefrom. — Distilling by Steam.— Continual Distillation. — 
ParafBne. — Lubricating Oils. 

DISTILLERY FOR COAL AND PETROLEUM OILS. 

Before any suggestions are made in reference to a proper 
mode of mann&cturing and purifying the hydro-carbon 
oils, the construction and arrangement of the manu&ctory 
itself require some notice. It is very desirable, in all cases, 
that the buildings constituting the establishment should be 
constructed of stone or brick, with iron roofe. The occu- 
pation of wooden buildings is unsafe; when they are 
employed, great care is necessary. Every preservative 
against fire, by the use of non-combustible material and the 
command of water, should be planned for at the onset of 
construction. 

When coal is to be distilled in retorts, the retort house 
should be separated from the distillery, or refining house, 
and all crude materials and marketable oils should be kept 
in separate stores, away from the operating part of the 
establishment. Receivers of the products of the retorts are 
advantageously situated underground. A steam pump, 
communicating with cisterns of water, and supplied with 
hose capable of reaching every building, should be always 
ready for action, while at the same time it performs the 
ofiices required by the manufactory. 

Between the stills and the several worm-tanks and 
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receivers it is necessary to erect a strong brick or stone 
wall, through which the connecting pieces between the 
stills and the worms pass. It is also desirable to separate 
the stills one fh>m the other by partition walls. During 
the distillation, and especially at its commencement, a light 
hydro-carbon vapor frequently escapes at the lower extre- 
mity of the condensing-pipe. This vapor is highly inflam- 
mable, as well as the lighter oils that accompany it No 
fire should, therefore, ever be permitted in the body of the 
refinery. 

The agitators should be placed at convenient heights to 
permit the oils to flow from the acid cisterns into the tanks 
where they are to be washed with the alkali, and to run 
thence into the stills. A good arrangement of the ma- 
chinery is of much consequence ; and, above all, the most 
rigid cleanliness should be observed in every operation 
connected with the manufactory. An abundant supply of 
clean, fresh water is absolutely necessary. 

The plan and sections (pp. 110-111) represent approved 
arrangements of the building and apparatus of a coal oil 
or petroleum distillery. 

Coals. — The crude oils distilled firom coals differ greatly 
in yield and in quality. It will be observed in the table 
given in a preceding chapter, that a few varieties will pro- 
duce over a hundred gallons per ton. Some cannels will 
not yield over fifty, and others thirty gallons per ton. 
The qualities of die crude oils also differ. Some afford 
large quantities of paraffine, or heavy oil, and but a small 
percentage of lamp oiL Others yield much eupion. In 
the purchase of coal lands, or coal for the manu&cture of 
hydro-carbon oils, an accurate test of the coal is necessary. 
Coal oil works have been erected at coal mines, where the 
coal itself is almost worthless for oil-making. 
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Bitumens. — The preceding remarks are also applicable to 
asphaltums and bitumens. The tars of candle manu&o- 
tories also give different results, and yield soine heavier 
and some lighter oils. 

BdorU. — Different retorts also produce difierent results. 
When the discbarge-pipe is high, there will be less crude 
oil ; but the oil will be lighter and purer. Pressure upon 
ibe distigb and its v^iora during distillation will diminish 
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the yield ; and where the condensation is imperfect, a part 
of the lighter oils will escape with the gas. The revolving 
retort has the advantage of distilling coals and shales in 
less than half the time required for stationary retorts. The 
yield is also large ; but the crude oil is impure from the 
quantity of dust produced by the agitation of the material 
during its dry distillation. More important than all is the 
amount of heat applied, which should, as an ordinary rule, 
not exceed 800° Fah. Before the coal, asphaltum, or any 
bitumen is thrown into the retort, it is advantageous to 
break it into small pieces. Large masses seldom discharge 
all the volatile matter from their central parts. 

Condensers. — By removing the heat that attends the 
vapors and gases produced by distillation, their particles 
are brought into closer proximity, and all pass from the 
gaseous into the liquid or solid state, except the permanent 
gas, which is incapable of condensation by ordinary means. 
Condensers are usually metallic worms immersed in water, 
which is kept at the desired temperature by the admission 
of cold water. It is quite immaterial whether the con- 
denser is a long metallic pipe, a series of pipes, or an open 
chamber, if it be of sufficient dimensions, and kept at a low 
temperature. 

Receivers — at coal oil manufactories — ^are tanks, usually 
sunk in the earth, to allow a descent of the oils from 
the condensers. They should be closely covered, to pre- 
vent the evaporation of the lighter oils, which, in warm 
weather, is very rapid. The gas which remains uncon- 
densed should be conveyed to a gasometer, and there stored 
for fuel, or it may be purified in the manner of ordinary 
coal gas, and employed for lighting. In general the gas is 
allowed to escape, especially where fuel for the manufac- 
tory is cheap. It is admirably adapted to the distill&tion 
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of oils, and, with proper burners, a high degree of heat 
may be obtained. 

Jhreoipiiation or aeUling. — ^With the crude oils that flow 
into the receiving tank there is always a quantity of water, 
or ammoniacal liquid combined with some carbonaceous 
matter and other impurities. When the coal, or other 
material distilled in the retorts, is very moist, the water in 
the receiver will sometimes amount to twenty per cent of 
the distillate. To remove those impurities it is most advan- 
tageous to pump the whole into a second receiver, or tank, 
which should be elevated a little above the working level 
of the stills it is designed for. ^ 

The crude oils and their impurities should next be heated 
up, by means of a steam coil placed in the bottom of the 
tank, to 90^ or 100^ Fah. The ammoniacal water and 
the impurities soluble in water will then settle, and may 
be readily drawn off. 

Ammonm. — ^When the ammonia present in the water is 
sufficient in quantity to pay the cost and a profit upon its 
separation, it may be neutralized by the application of 
sulphuric or muriatic acid, and the solution evaporated to 
obtain sulphate, or muriate of ammonia, or it may be pro- 
fitably employed in combination with other manures for 
a fertilizer. The carbonaceous matter that forms a stratum 
between the crude oils and the water is worthless unless 
it be used in the preparation of artificial f\iel. 



TREATMENT OP THE CRUDE OILS. 

The crude oils, being separated from their impurities, 
may at once be submitted to chemical treatment ; but as a 
general rule, and especially when they are heavy and con- 
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tain much tar, thej should be first distilled. This distilla- 
tion is made in a common iron still, protected from the 
action of the fire by fire brick, which equalizes the heat, 
consequently the expansion of the metal, and lessens the 
risk of firacture. 

DISTILLING BT THE AID OF STEAM. 

The " charge" of oil prepared as above, may be run into 
the still and distilled without the use of steam. But when 
it has been " run oflf" to four fifths of the whole quantity, 
or when the part remaining in the still will be a thick 
pitch when cold, common steam should be gently let into 
the neck, or breast of the still. The steam immediately pro- 
duces an outward current through the condensing apparatus 
and brings over all the remaining part of the oils, leaving 
a compact coke as the only residuum. Furthermore, it 
gradually diminishes the heat of the iron and prevents it 
from breaking. When the steam is thus let in, the fire is 
to be removed fix>m beneath the still. 

Common steam under moderate pressure has been intro- 
duced into stills, both above the charge and into it through- 
out the entire distillation. In the latter instance the steam 
soon becomes superheated after the lighter oils have been 
run off. Again, steam previously superheated is driven 
into the charge during the distillation, and for the distilla- 
tion of the heavy oils and paraffine this mode has the 
preference ; yet steam is advantageous however applied. 
When it is superheated the condensing apparatus should be 
extensive to meet the increased heat 

Continual Distillation. — In the first distillation of the 
crude oils, as they come from the retorts, and in subsequent 
ones, the oils may be slowly admitted into the still after it 
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has become sufficiently heated and the oils b^n to flow 
freely from the worm, or condenser. By the adjustment of 
a cock, a stream of the crude product may be permitted to 
flow through an iron tube into the still while it is in ope- 
ration. The tube should dip beneath the oil in the still, 
Ae in-flow of oil into which must not exceed the out-flow 
from the condenser. A greater amount of heat will be 
required for this operation than for the common method, as 
much of it is taken up by the cold oil constantly flowing 
inwards. By this mode a still working 1000 gallons may 
be made to run double that quantity without interruptiout 
and steam may be applied in any manner before described. 

The first distillate. — ^THe first distillate of the crude oil 
should be separated into two parts, each of which requires 
somewhat difierent treatment. The first part is that which 
distils over from the commencement of the run until the 
oils in the receiver have a proof of 86^ by hydrometer,* or 
a specific gravity of 0'843. 

These light hydro-carbons and the eupiou they contain 
form the lamp oil. The quantity produced will depend 
upon the quality of the coal, or other material, whence they 
have been derived. This part of the distillate being 
pumped from the receiving tank, or otherwise removed, 
the remainder, or second part, is allowed to flow on until it 
assumes a greenish color at the end of the worm pipe, when 
steam, if not previously employed, may be let into the still 
and continued until the whole distillation is completed ; 
the fire in the furnace beneath the still being withdrawn. 
A quantity of coke will be found to remain, amounting to 
ten or fifteen per cent, of the whole charge. This coke is 
excellent friel, and after all its volatile matter has been 
expelled it may be employed in the clarification of sugar. 

* See note A, Appendix. 
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When steam is not employed the residuum in the still must 
not be run down lower than a thick pitch. Coking in the 
still without steam is unsafe and hazardous to the iron. 

The first part is then to be placed in an iron cistern 
and therein thoroughly agitated firom one to two hours, 
with from four to ten percent, of sulphuric acid, the object 
being to bring every particle of the impurities in contact 
with the acid. The quantity of acid to be used depends 
upon the character of the oils and the coal, heat^ &c., em- 
ployed in the retorts. 

If too much acid is applied the oils will be partially 
charred and discolored ; if too little, the impurities will not 
be oxidated, and the oils will chaihge color. After the agi- 
tation of the oil and acid is completed, the mixture must 
remain at rest from six to eight hours, when the acid, 
with the chief part of the impurities, will have settled to 
the bottom of the vessel. They are then to be drawn oflF, 
and the remaining oil to be washed with ten or twenty per 
cent, of water. The water removes a part of the remaining 
acid, and carries off the soluble impurities. The acid now 
appears in the form of ter, and may afterwards be separated 
from the impurities for further use. After the water is 
withdrawn the charge is to be agitated two hours with 
from five to ten per cent., by measure, of a solution of caus- 
tic potash, or soda of specific gravity 1*400. The hydrates 
of those alkalies may be used in the same manner; but the 
solution of caustic soda is generally preferred. Like the 
acid, the strength and quantity of the alkali must be varied 
according to the quality of the oils. Aft;er a repose of six 
hours or more, the alkali is to be withdrawn from the oil, 
and any further impurities rendered soluble, by its applica- 
tion, washed out with water. After the use of the water 
the oil should be perfectly neutral. When the water is 
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withdrawn from it, it is to be run into a still for final rec- 
tification. Should any acid still remain in the charge, it 
may be distilled over two or four per cent of the alkaline 
solution, or an equivalent quantity of lime, or soda ash 
with or without water. During the whole of these opera- 
tions the oils and the several washes applied to them are 
to be kept at a temperature not lower than 90^ Fah. This 
is conveniently done by means of steam coils fixed at 
the bottoms of tne tanks in which the agitations are made. 
The agitator employed may be of any kind, if its action is 
efficient Finally the oil is to be carefully distilled, with 
or without steam. A small quantity of the lightest pro- 
duct or eupion, which comes first from the condensing 
worm, is usually discolored, and may therefore be trans- 
ferred to the succeeding charge. 

The last distillation should be made slowly and with 
cure, avoiding all fluctuations produced by an unsteady 
heat If desired, the eupion may be taken off at the com- 
mencement of the distillation. It should be at proof 60*, 
or specific gravity, 0*788, or it may be allowed to run in 
with the lamp oil. When the distillate has reached proof 
40**, or specific gravity 0'819, the remainder is to be trans- 
ferred to the next charge, or the heavy oil, as being too 
dense for illuminating purposes. 

The mixed oils intended for lamps have their disagreea- 
ble odor chiefly removed by allowing them to remain in 
flat open cisterns over weak solutions of the alkalies during 
a period of some days. Light also improves their color. 
The alkalies employed in the foregoing treatment may be 
restored and used in subsequent purifications. 

The oils of the second or heavy part of the first distil- 
late are purified by the same means as described for the 
lighter oils, except that they require the application of 
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more acid and stronger alkalies. All the oils distilled from 
them at proof 40^ are to be added to the lamp oils. At 
the close of each distillation, and as the oils acquire greater 
density, the color grows darker and changeable, finally they 
are partially charred, and especially when they have been 
distilled without steam. These dark-colored oils may 
always be renovated by the use of acids and alkalies, the 
permanganates of potash and soda, and, finally, by distil- 
lation. The color of the lamp oils should not exceed a 
tinge of greenish yellow, when viewed in a clear glass flask 
six inches in diameter. If by accident, carelessness, or 
negligence, the oils treated by the foregoing method should 
be impure, they must be submitted to washing and redis- 
tillation. 

Paraffine. — In general all the oils below proof 85** con- 
tain more or less paraffine ; below 30^ the paraffine is still 
more abundant When the whole process has been well 
conducted those oils are to be placed in tanks in cool situ- 
ations (thermometer at 40** and lower) ; the paraffine will 
then crystallize on the sides of the tanks,.in beautiful white 
silvery scales, from which the still liquid oils may be with- 
drawn. The paraffine, in a solid state, may tlien be re- 
moved, and submitted to powerful presses to get rid of a 
further portion of the oil. It is purified at last by agitating 
it while melted with one half or more of its weight of sul- 
phuric acid. The acid is then washed out with hot water 
and solutions of the caustic alkalies. It is again pressed, 
and finally melted and cast into masses, or run into candles.* 
The heavy oils, and those which drain firom the paraffine, 
are excellent lubricators. They may be mixed with ani- 
mal oils when it is desirable to give them greater consist- 
ence. As they do not readily oxidate when exposed to 

* See Knapp's Applied Chemistry, Vol i, p. 382. London, 1855. 
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the air, they are peculiarly applicable as lubricants. The 
gvmming complained of by machinists arises from the oxi- 
dation of the oils they have heretofore employed to relieve 
friction. 

These heavy hydro-carbons, and even the solid paraffine 
itself may be decarbonized and rendered suitable for lamps. 
Just in proportion to the amount, or number of the equiva- 
lents of carbon withdrawn from them, so are their boiling 
points lowered and their specific gravities diminished. The 
author is disposed to the belief that hydrogen is a volatile 
metal, of which the oils before described are carburets. 



PUBIFIOATION OF PETROLEUM OILS, 

An almost colorless naphtha arises from the earth at 
Baku, on the border of the Caspian Sea, accompanied by 
hydro-carbon vapors, which are collected and used for heat- 
ing and lighting. It is also used in lamps in its natural 
state. A single distillation renders it quite pure. From 
the presence of paraffine the Bangoon petroleum is nearly 
of the consistence of butter at the ordinary temperature. 
It has been treated with sulphuric acid and the alkalies, in 
the manner recommended for coal oil& The paraffine^ 
which was first discovered by Mr. Faraday, is also treated 
with the acids, and then submitted to pressure. Much of 
the Persian oil is colorless, and is consumed in lamps with- 
out purification. 

The petroleums of South America and the West India 
Islands often contain much sulphur, and their odor is very 
offensive. In examining some of the now almost inactive 
and extinct volcanoes of the West Indies, the author 
observed that the petroleums of volcanic districtB were 

9 
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much more offensive than those of undisturbed localities. 
Boiling mud with steam issues from the earth on the shores 
of Trinidad, and raises itself into conical mounds, sometimes 
fifty feet high. The petroleum at those places has an 
intolerable odor, and contains sulphuretted hydrogen. 
Gold is immediately tarnished by the gases of these sulphu- 
rous districts. All these natural hydro-carbon oils require 
active treatment to render them unobjectionable for domes- 
tic purposes. The alternate use of acids and alkalies has 
been found the most effectual iu their purification. 

The petroleums of the United States, of which great 
quantities are now obtained, differ much in their densities 
or proofs. Some of the wells in Venango County, Penn- 
sylvania, afford oils of specific gravity 0*800. In other 
parts of the oil region the petroleums have densities of 
«0'850, and even 0*900. Indeed these heavy semiliquid 
hydro-carbon compounds sometimes pafes into compact bitu- 
men, an example of which may be seen in Jackson County, 
Kentucky, and at other places. 

These deposits of solid bitumen have probably been pro- 
duced by the evaporation of the lighter hydro-carbons, and 
by the oxidation of those beds which now appear like the 
sites of ancient lakes. They are quite different in their 
origin and characters from the injected masses of solid 
asphalte discovered in Ritchie County, Virginia, and in 
Albert County, in the Province of New Brunswick. 

From the great difference in the densities of those petro- 
leums, there is a great difference in regard to their value 
and their treatment in the process of purification. Of the 
lighter oils ninety per cent, of pure oil for illuminating 
purposes may be obtained ; but of the more dense varieties, 
and those which contain much tarry matter, not more than 
forty or fifty per cent of lamp oil is at present produced. 
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The result has been the same as that in the mann&cture of 
coal oils. Large quantities of the heavy oils, and impure 
paraffine, accumulate in the distilleries, and will continue 
to increase until a cheap and successful process is discovered 
for their decarbonization. 

The methods practised by persons engaged in refining 
the American petroleums are as different as those in use 
for the purification of the oils distilled from coals. Some 
employ acids and alkalies in the manner previously de- 
scribed, others use alkalies alone, and steam is applied at 
various degrees of heat Some of the oils produced by 
those means are of good quality, others are inferior, and do 
not ascend the wick of the lamp in sufficent quantities to 
afford a constant light. In others the illuminating prin- 
ciple, by some change effected on the carbon, is partially 
destroyed, and in almost all the odor is disagreeable. The 
oils from some of the wells contain traces of chloride of 
sodium, others carbonate of soda in quantities sufficient to 
affect their treatment. The denser oils, or those which 
contain too much carbon to admit of being consumed in 
lamps without smoke, are excellent lubricators, either 
mixed or unmixed with animal oils. 

It Will be perceived by the foregoing statement that it 
would be a difficult task to prescribe a mode of purification 
to meet the requirements of the oil refiners. Neither the 
petroleums, nor the oils distilled from them, contain crea- 
sote, or cabolic acid, and other impurities which contaminate 
the oils distilled from coals and coal shales ; their purifica- 
tion is therefore simple and comparatively cheap. 

When the proof of the oil is not below 88*^, distillation 
with water, or by the use of steam, will most frequently 
render the lamp oil of good color, and its illuminating pro- 
perties will be of the highest order. Before the heavy oils. 
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or those below proof 88®, are submitted to any treatment, 
it is necessary to giye them a preliminary distillation, by 
the aid of common, or superheated steam^ and the distillate 
should be separated into two parts, all below proof 88^ 
being set aside to be treated for lubricating oil, and a 
ferther portion to be added to the illuminating oil. Wash- 
ing the lighter part of the charge with a solution of caustic 
potash, or soda of specific gravity not exceeding 1*400, is 
useful. A final distillation over a weak solution of either 
of those alkalies will generally render the oil pure. The 
heavy parts of the oil may require agitation with equal 
parts of sulphuric acid and water, followed by an alkaline 
wash and then distillation. It is only the most impure oils 
and those from the wells of certain localities that require 
the use of acids, which, like the strong alkalies when used 
in excess, greatly impair the illuminating properties of these 
hydro-carbons. The lighter the oils the lighter will be 
their color. At proof 45^ they are colorless. At proof 
42® coloring matter begins to appear in the distillate, and 
continues to increase until the charge is exhausted. In 
order to present the lamp oil of a light color some refiners 
have sent it to market at proof 45° ; but it should be under- 
stood that such oils are much more inflammable and liable 
to explode than those at proof 40°. Color in this instance 
should be sacrificed to safety. The offensive odor of these 
oils is removed by the means laid down for the deodori- 
zation of coal oils. A valuable property of all the before- 
mentioned oils, consists in the fact, that they never become 
rancid nor ferment. Indeed they are improved by age, and 
gradually lose their unpleasant odor. 

It is unnecessary to enlarge upon the national advantages 
which must evidently result from the manufacture of oils 
from mineral substances. Some of the uses to which those 
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oils may be applied have been noticed. Doubtless there 
are others to be discovered. The light aflforded by the 
hydro-carbon oils is equal to that of gas, land in an eco- 
nomical point of view it is unrivalled. 



RBfUSS OF OIL MANUFACTORIES. 

In the early operations of manufectories, and more espe- 
cially when their chemists have not had the advantages of 
experience, residual and resultant products are frequently 
overlooked, attention being directed altogether to the staple 
articles called for in the market. This remark is peculiarly 
applicable to coal and petroleum oil manufactories. In the 
United States, at the present period, vast quantities of 
pitch, heavy oils, and other valuable refuse products are 
permitted to flow into creeks and rivers, being considered 
worthless. It is to those products the manufacturer should 
direct his care and attention. To their careful use he will 
have to look ere long for no small part of his gains. Com- 
petition will ultimately reduce the actual profits to be made 
upon the oils themselves within narrow limits, and success 
will only be awarded to economy and superior manufac- 
turing skill. 

The products here referred to are, grow, cohe^ asheSj ammo- 
niacai water, impure sulphuric acid, impuri alkalies snd pitch. 

Oas. — From the numerous coal oil works now in opera- 
tion, thousands of cubic feet of carburetted hydrogen gas 
are daily evolved and wasted in the atmosphere which they 
contaminate. This gas might be collected and stored in 
gasometers for the supply of light to towns and villages. 
An exhausting pump placed between the main and the 
gasometer would relieve the pressure of the retorts and 
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readily force the gas in any required direction. Its puri- 
fication could be made in the usual manner. It is to be 
admitted that this gas would be inferior for illumination to 
that usually supplied to cities ; but its deficiency in quality 
could be made up in quantity, and the price at which it 
could be aflfbrded would remove every objection to its use. 

At situations where coal, or the supply W coke, is insuf- 
ficient, the gas may be most advantageously employed for 
producing steam, and for all the distillations required in 
making and purifying the oils. For those purposes it is 
superior to any other kind of fuel, as the heat may be 
increased or diminished instantaneously at the will of the 
operator. For heating, the gas requires no purification, 
and recent improvements in producing heat by this agent 
will supply the highest temperature required. 

Coke, — ^When the coal employed affords a good coke it is 
used for fuel ; the coke of Boghead coal and the bitumi- 
nous shales is of little value. Some of the asphaltums and 
bitumens afford a small residue of fuel. 

Ashes, — Ashes collect around oil manufisu^tories in large 
quantities, and they differ in their composition according 
to the nature of the coal consumed. In all cases where 
they contain any considerable percentage of lime, thej' will 
be found valuable fertilizing agents for certain soils. 

Ammoniacal water, — ^Whenever nitrogen enters into the 
composition of the coal, shale, or other material distilled in 
the retorts, ammoniacal water will be one of the products, 
and upon it the lighter oils will repose in the receiving- 
vessels. The quantity of ammonia is often very con- 
siderable. 

Sulphate of ammonia, — To prepare the sulphate of ammo* 
nia from the crude ammoniacal water, the latter is to be 
saturated with sulphuric acid, and evaporated in a cast-iron 
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boiler. The saturation may be made in a leaden vessel, 
and the evaporation performed by steam. When the liquid 
has attained a specific gravity of 1*400, or thereabouts, it 
should be run into a vessel lined with lead, and crystal- 
lized. Another mode consists of distilling the ammoniacal 
water, and cosseting the distillate into a solution of sul- 
phuric acid o1|^c. grav. 1*700. In this case the sulphate 
of ammonia is precipitated, and may be dipped out with 
ladles. 

Chhrohydride of ammonia {sol ammoniac). — To form the 
sal ammoniac of commerce, the ammonial water is to be satu- 
rated with hydrochloric acid (muriatic acid). It is usually 
evaporated in vessels of lead, and then run into wooden 
coolers. The salt is then to be dried in stoves, and finally 
sublimed in iron pots with large domes. Some days are 
required to complete the last operation. 

Sulphuric acid. — ^The sulphuric acid employed in the 
purification of coal and other distilled oils frequently con- 
tains half its bulk of impurities, oxidated and charred by 
the acid. This tarry liquid is now very generally dis- 
carded from the manufactories as a worthless and offensive 
article. Thousands of tons of acid that might be purified 
for further use are thus annually lost. After the acid has 
performed its ofiice as a purifier, it should be placed in 
tanks lined with lead, where, by repose, from two to five 
per cent, of oil will rise to its surface, whence it may be 
removed and economized. The acid may be purified by 
distillation in glass, or platinum stills ; but a cheaper and 
more convenient method of restoring it to its first state is 
worthy the attention of chemists. 

Very great quantities of the solution of caustic alkalies 
are employed in purifying coal and petroleum oils. At 
present those washes, as they are called, are permitted to 
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run to waste. Frequently they are partially neutralized 
by the acid that preceded them in the purifying process. 
When these solutions are strongly alkaline, they may be 
submitted to evaporation and crystallization for further use, 
the impurities which float upon them being removed. If 
they have been nearly neutralized by th^acid taken up 
from the oil, the neutralization should be ^Bpleted by the 
addition of more acid, when they will form sulphate of 
soda, or sulphate of potash, as one or the other alkali has 
been employed. These alkalies are excellent fertilizers, 
when they are combined in compost with peat or other 
organic substances. 

Pitch. — In the first distillation of the crude oil, and in 
subsequent ones, where steam is not employed, it is not 
convenient to run the charges down to dryness, whereby 
the stills are more or less endangered ; and when the dis- 
tillation of the paraffine is not considered important, the 
charges are run down to a thick pitch, which, when cold, 
is an artificial asphaltum. This pitch is very useful for 
many purposes. It may enter beneficially into the compo- 
sition of waterproof cements, varnishes, and patent fuel. 
When evaporated down to a proper consistence, it is valu- 
able for roofing. The roof is first covered with sheathing 
paper, and then with the melted pitch, upon which gravel 
or sand is thrown immediately, and finally all that remains 
loose is brushed ofil The pitch may also be converted 
into lamp black, by burning it away from the air, by which 
the carbon is converted into lamp black, instead of car- 
bonic acid, which would be the result if the air was freely 
admitted to the combustion. 
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A TABLE OF SPECIFIC 0RAVITIE8 OF OILS. 
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The difference between this scale and that of Baume is nearly five 
grains (omitting decimals) in the specific gravity of every proof given, 
or -j^j of a degree on the scale. 

Proof by Dr. Gesner's Scale. | Baume's Scale. 
30- 
40- 
60- 
60- 

70- • • . 69-6 

and so on for all the other degrees 




The proof of Eupion is fixed at 
" Lamp oil 
" Coal tar benzole 



40* 



36** 

Lubricating oil Qighi) 28* 
" " (heavy) 20* 

Made by G. Taoliabue, 298 Pearl Street, New York. 



(( 



Spec Gr. 

0-733 
0-819 
0*843 
0-881 
0-927 



Note b. 

The following list comprises a number of the companies and firms 
manufacturing coal oil in the United States at the present period. 
There are also fifteen establishments where petroleum only is worked. 
Doubtless there are others whose names have not been reported : — 



Aladdin Co., Kiskiminitas, Pa. 
Atlantic Co., New York. 
Adair & Veeder, Pittsburgh, Pa. 
Anderson, Darlington, Pa. 
Breckenridge Co., Cloverport, Ky. 
Boston & Portland Co., Boston. 
Beloni & Co., New York. 
Brooks, Zanesville, 0. 
Covington Co., Covington, Ky. 
Cox, Zanesville, 0. 
Carbon Co., New York. 



Cornell & Co., Canfield, 0. 

Downer Co., Boston. 

Dean, Cleveland, 0. 

Empire State Co., New York. 

Excelsior Co., New York. 

Eureka Co., New York. 

East Cambridge Co., East Cam- 
bridge, Mass. 

Enon Valley Co., Enon Valley, 
Pa. 

Franklin Co., New York. 
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Forest Hill Co., Ejmawha, Va. 

Falling Rock Co., Kanawha, Va. 

Great Western Co., Newark, 0. 

Greers, Kanawha, Ya. 

Great Kanawha Co., Kanawha, 
Va. 

Grasselli, Cincinnati. 

Glendon Co., Bojibn. 

Hartford Co., Hartford, Ct 

Himebaugh & Co., Coshocton, 0. 

Knickerbocker Co., New York. 

Kerosene Co., New York. 

Preston Co., Va. 

Long Island Co., New York. 

Lucesco Co., Kiskiminitas, Pa. 

Marion Co., Taylor Co., Va. 

North American Co., Kiskimini- 
tas, Pa. 

New York and Wheeling Co., 
Wheeling, Va. 

New Bedford, New Bedford, 
Mass. 



New York Coal Oil Co., 

New Galilee, Pa. 
Orion Co., N.Y. 
Pinkham, Boston. 
Peasley, Boston. 
Page & Co., Boston. 
Piotou Co., New York. 
Palestine Co., Palestine, Pa. 
Phoenix Co., Cincinnati, 0. 
Preston Co., Preston Co., Va. 
Robinson & Co., Perry Co., 0. 
Ritchie Co. (bitumen), Ritchie 

Co., Va. 
Sherwood, Canfield, O. 
Staunton, Kanawha, Va. 
Stamford Co., Stamford, Ct. 
Union Co., Maysville, Ky. 
White Day Co., Monongalia Co., 

Va. 
Western Co., Cincinnati, 0. 
Zephyr Co., New York. 
Total, 66. 
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Note c. 

The following table, relating to the cost of Artificial Light, has been 
extracted from the statement of Dr. Charles M. Wetherill, and published 
in The Amerioan Chu Light Journal, May 1/ 1860 : — 



IllamliiAtliic MftterUL 


Cost per Ibw or gallon. 


Consamptioii in . 
foorhoiirt. 


Cost of 

Light per 

hour. 


Wax candles (red) 

• 


$0 50 per lb. 


532 grains 


1-068 cts. 


" (green) 




458 " 




Faraffine candles, 6*8. 


60 " 


567 " 


1-395 " 


Tallow " 6's. 


15 " 


563 " 


0-324 " 


Sperm " 4*8. 


40 " 


587 " 


0-984 " 


Rtiir " 


25 " 


636 " 


0-688 " 


Lard oil 


1 20 per gallon 


12-61 ozs. fluid 


2-096 " 


Burning fluid . . . 


75 " 


509 " 


0-746 " 


Kerosene .... 


120 " 


3-89 " 


0-912 " 


▲DDEin)A. 








Petroleum oil . . . 


100 " 


3-24 " 


0-860 " 


New York coal gas . 


2 50 per 1000 ft. 


4 feet burner. 


1-000 



Note d. 



Of kerosene, or coal oil lamps, there is a great variety in the market, 
and the weekly list of patents shows that the number is still increasing. 
A new lamp has just been brought to the notice of the public by 
Horatio Eagle, Esq., 126 Maiden Lane, New York. It produces a 
brilliant white light without the aid of a chimney. 
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List of coal oil Companies 127 

Laurent 8 

Lutidine 69 

Mansfield, Patent of, 9 

Mansfield, Process of, 92 

Naphtha 119 

Nitric acid 91 

Naphthaline 66 

Otcus, brick 41 

Odorine 71 

Organic and homologous compounds 79 

Oils, oxygen, 78 

Oils, hydro-carbon, 83 

Or^nic compounds, table of, 79 

Oxidating agents 90 

Oils, crude, from coals, 109 

" " treatment of, 113 

Picoline 68 

Petroleums 120 

Paranaphthaline 67 

Petroleum well 10 

Picamar 58 

Patents 9 

Pittical 60 

Peat, products of, 76 

Pyroxanthine 66 

Petroleum of Baku 74 

Springs 30 

Density of 33, 74 

Petroleums of the Alleghany coal field 74 

Products of the distillation of wood 57 

Process of Mansfield 92 

" of Young 95 

" for Kerosene 96 

Patent of Wagenmann 97 

Peat Company, Irish, 76 

Permanganate of Potash 92 

Pitch 126 
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Precipitation «... 113 

Paraffine^ treatment of) 118 

Purification of Petroleum oils 119, 121 

Paraffine 69, 67 

Receivers 112 

Refuse of oil manufactories 123 

Retorts . 111,112 

Retort, Revolving, 38 

" Vertical, 41 

" Clay, 45 

Reichenbach 8 

Retorts, stationary, 37 

Refinery for oils 110 

Stills 63 

Selligue, patent of, 92 

Sulphate of ammonia 124 

Sal ammoniac 12$ 

Sulphuric acid 125 

Steam, distillation by, 114 

Toluole 66 

Vohl's process 101 

Volatile bases in coal tar 68 

Wagenmann, patent of, 97 

Washers 43 

Worms, condensing, 56 

Wood, products of the distillation of, 57 

Young, James, patents of, .... ^ .9 
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Amott (A.) The Smolceless Fire-place, Chimney Valve, and other means. New and Old, 

of obtaining Healthful Warmth by Ventilation. Svo. London, 1865 . . 1 80 
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New York, 1854 . 9 S6 

Cabart (C.) Lemons de Pliyslque et de Chlmie. 8vo., avec 23 planches. Paris, 1S54 . 2 90 
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sur bols intercaiee:! dans le text«. Svo. Paris, 1856 . . . . 6 00 
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Les.nombrcuses applications de Peiectricite aux sciences et aux arts, les liens qui I'unis- 
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ou l*art de la Corderie perfectionne. 4to. Paris, 1747 . . . • t 00 
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I>liplats (P») Traite des Liqueurs et de la Distillation des Alcools, ou le Uquoriste et le 

fiistUlateur Modemes, contenani, etc. 8 vols., 8vo. Yersailles, 1860 . • 8 TO 
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Sneres* Noureau Manuel complet de la Fabrication des Encres, teiles que Kncree a 

■crire, Chine, de Couleur a Marquer le Linge ka. 13mo. Paris, 1855 . . 1 00 

Etoflba Unprlmces* NouTeau Manuel Complet du fabrlcant d'Etoffes Imprlmeeo ei 

du Fabricant des papiers peints, par L. S. le Normand. 18mo. Paris, 1856 . . fO 

Cxlilbitlon of 1851 (Lectures on the Resulu of the Great,) dellTered before the 
Society of Arts, Manufactures, and Commerce (Dr. Whewell, Professor Ansted, and 
others). 2 toIs., post 8vo., each . . . . . • 9 85 

Faraday (Tl.) Chemical Manipulations, being Instructions to Students In Obemlstry. 

8to. London, 1827. (Very Scarce.) ..... about 7 60 

— Experimental Researches In Electricity. SyoIs., 8ro. London, 184iMUi. .18 00 

The Subject-matter of a Course of Six Lectures on the Non-metalllo Elements. 



12mo., cloth. London, 1858, . . • . . . . 1 76 

Fan (J*) Douie lecons de Photographic. Description de precedes simples et faclles, an 
moyen desquels on obtient, presque infailliblement, des eprenres sur Terre et papier. 
18mo. . . . . . . . 76 

Fan et ClieTaiter* Manuel du PhTsioien preparateur, ou description d*un cabinet de 

Physique. 2 toIs., ISmo., with an atlas of 8S plates. Paris, 1858 . . . 8 76 

Faaclier (!<•) Remarlcs on the Production of the Precious Metals, and on the Demonitl- 

sation of (h}ld in Several Countries of Europe. 8ro. London, 1858, . . 75 

Faure (J. J«) Analyse Chlmique des Eaux du departement de la Qlronde. 8yo. Bor- 
deaux, 1858 . . . . . . . • 76 

Flffliler (r^ ) L'AIchlmie et les Alchlmistes ou Essal Hlstorique et Critique sur la Philo- 

sopl.le llernietique. 2(1 edit. Time. Paris, 1856 . . . . . 1 00 

Francosur (Ij. B«) Elements de Technologic ou Detorlptloc dee prooedet des Arts. 8to. 1 86 

2 rancta (G. W^) ilie Dictionary of Practical Receipts : contammg the Arcana of Trade 
and Manufacture, Domestic Economy, Pharmaceutical and Chemical Preparations, Ac. 
8ro. London, 1856 . . . • . . 8 60 

Fresenlus (Dn) Instruction in Chemical Analysis. QuantitaUye. 8d«dlt. 8to., cloth.' 

IS60 . . . . . . . .4 60 

Instructions In Chemical Analysis. Qualitative. 6th edit. 8to., cloth . 1860 . 8 71 

Fresentus et Sacc* Precis d* Analyse Chimlque quaotltatlre. 18mo. Paris, 1845. 

Precis d*Analyse Chlmique qualitatlye. 1 rol., ISmo., Ag. Paris, 1847. (i^ptiise.) 

Fyf<D (A«) Elements of Chemistry. 8vo. London . . . . . T 86 

- Manual of Chemistry. 12mo. London . . . . . 8 18 

Gallo^vajr (It •) The First Step In Chemistry : a New Method for Teaching the Elements 

of the Science. 2d edit. 18mo. London, ra55 . . . . . 1 60 

Manual of Qualitative Analysis. 12mo., cloth . . . . 1 18 

Chemical Diagrams, on four large sheets . . . . 1 76 

Ctadiranopiaatle. Nouveau Manuel complet de Qalvanoplastie, ou Elements (^Electro- 
metallurgie ; contenant i'Art de reduire les metaux a I'aide do flulde amlvanique, etc., ptr 
8mee. Augmente d'apres MM. Jacol^, Speacer, Elioer, etc Onvnge polbbe par K. <to 
\'aUoottrt. 8 vols., ISmo. . . , . . 1 81 



6 Standard Scientific Works. 

Crmnot (A.) Tralte Elementaire de Phjslque ExperiraenUile et AppltquM, et de Hetaoro- 

logie, avec nn recueil nonibreux de problemes, Hlustre de 5U0 gravurea lor bols Inter- 
calees dans le texie. 6e editioa, auf luentee de 68'i gravures nouvelles. 18mo. Paris, 

18&0 . . . • • • • • • .ir* 

Gas. Knapp^s Chemical Technology, or Chemistry applied to the Arts: Fuel and Ita 

AppiiCHtion. 1 vol. In 2 Parts. Sf o. Londonf 1856 . . . .9 0^ 

This is tlie most recent and complete work on the manufacture of Gas, Ac. 

Gas Ijlfflitlnff (Journal of). Published in London on the 10th of every month. 

Price per year . . . . . .•. . , t TZ 

5 Vol;*, are publistied. 

Gaadln (i?l. A.) Traite Pratique de Photographic, expose complet des precedes rela> 

tifi au Daguerreotype. Svo., hf. bd. cf. Paris, 1S44 . . . . 1 6C 

Gaass (C.F.) Intensitas vis magnetica terrestrls ad mensuram absolutum revocata. 

4to. tiottingsB, l&Sd . . . . . . . 1 6( 

Gavarret (J.) De la Chaleur produite par lea Etres Tivants. 12mo., avec 41 figures 

dans le texte. Puris, 1655 . . . . • • . 1 6C 

Crerliardt. introduction a TEtude de la Cliimie par le Systemc Unitaire. 12mo. Paris, 

lb48 . . • . . • • •IOC 

Precis de Chimie Organique. 2 vjJs.. Svo. Paris, 1844 . . . 4 (K 

In half culf . . . . . . • . 6 (K 

Traite de Chimie Organique. 4 vols., Svo. Paris, 1855-6 . . . 10 W 



Ce Traite est une suite a Rerselius. Ce celebre chimiste etant mort avant d*avoir pa 
terminer sun ouvrugc, M. Gerhardt, ancien professeur de chimie a Montpellitr, i*esi 
charge de terminer son travail et de le mettre au courant de la science actueJle. 

Aide-memoire pour TAnalyse Ohimlque. 12mo. Paris, 1852 . . , 16 



Gerbardt et CUuncel. Precis d* Analyse Chimique. 12mo., avec 4S.graTare8. Paris, 

1S55 . . . . . . . . 1 25 

GlOTer (R. ITf.) a Manual of Elementary Chemistry: being a Class-book. Illastrated. 

12mo. London, 1855 . . . . . . . . S 00 

Gmelin* Handbook of Chemistry. Vol. 1 to 6, Inorganic Chemistry . 

'* '' Vol. 7 to 13, Organic Chemistry, each vol. . 

The work will be completed in 16 vols. (Cavendish Society Publications.) 

Goebe*. Pharmaceutische Waarenknnde, mit IIIum*nirten Kupfern. 2 vols., 4to. Eise- 
nach, 1S5<» . . . . . . . . . 10 00 

Gore (G.) Theory and Practice of Electro-Deposition, including every known mode oi 

depositing metals, etc. 8vo. London, 1S56 . . . . • 50 

GorUam. Unfrequented Paths in Optics. Part 1. Light from a Pin-hole. Part 2. Lighi 

from a Fissure, bvo. London, 1855 . . . . . . 1 29 

Graliam. Elements of Chemistry ; including the* application of the Science in the Arts. 
By T. Graham, F.R.S. L. A E., Professor of Chemistry at University College, London. 
2d edition, entirely revised and greatly enlarged, copiously illustrated with SVoodouts. 
VoL 1. 1S5> . . . . . . . . 5 00 

• Vol. 2. London and New York, 1857 . . . . • 5 00 

This work, which ranks among the first on the safaject, Is now eompUte. 

— — — Chemical Catechism. Svo. London . . . . . 4 75 



Qresory ( Win.) Elementary Treatise on Chemistry. 12mo. £dinbur(;h, 1855 . 150 

Handbook of Inorganic Chemistry. For the use of Students. 8d edition. 12mo. 

London . . . . . . . . 1 75 

Handbook of Organic Chemistry, for the use of Students. 4th edition, corrected 



and much extended. 12mo. London, 1S56 . . . . . }» 62 

GrtAn* Treat ij»c on the Use of the Blowpipe. 18mo. London. (Scarce.) 

Grifliu (J. J.) Chemical Recreation. Div. 1, post Svo. . . , .0 60 

GrlfltftU (T ) Chemistry of the Pour Seasons. 12mo. London, 1858 . . . 2 2& 

GrOTe(\V.R.) On the Correlation of Phy.«ical Forces. 8d edit. Svo. London, 1855 . 2 25 

Grayer (li. A.) Princlpes de Phllosophie Physique pour servlr de base a la Motaphy- 

sique de la Nature, et a la Physique Experimentale. Svo. Paris, 1845 . .175 

Gnlbourl. Hl.stoire naturelle des drogues simples ou Cour.^ 'I'histoire naturelle professe 
a I'Ecoie de Pharmacie, quatneme edition, augmentee. 4 vo. , Svo., avec 600 fig. inter- 
calees Uann le texte. Paris, 1849 . . . . . . 7 50 

Half bound in Paris . . . . . . 9 CO 

[Get ouvrage, que tous Ic^^ pharmariens considerent comme un Vnde-m^cum de pre- 
miere necessite, parce que la grande exactitude apportee par I'auteur dans la descrip- 
tion des drogues leui permet dedinlnguer les diverses especes et varietes qui se rencon- 
trent dans le commerce, ainsi que lei faUifiuHiiotis qu*on leur fait subir. Cette quatrieme 
edition a ete soumSfic a une revision gener«rle, et les augmentations out ete tellement 
importantes, qu*nn peut lu considerer comme un ouvrage entlerement neuf. C'est un 
Court oompuU (Vkiduirt naturtUe phamtacttMque tt medieaUf que les medecins 
consulteront toujours aveo fruit.] 

Gnliard. lilstoire de I'Electriclte. 12mo. Paris, 1854 . • • • 1 00 

Gurney. Lectures on Chemistry. 6to. London . . . • 2 00 



Standard Scientific Works. 



Hardjr (II. ll'« II.) IncIdenUl Remarks on some principles of Light ; being Part 8 of 

an KiMa/ on Vision. 8vo. London, 1806 . • • > . 1 00 

Hard %v lets (T. !■'•) A Manual of Photographic Chemistry, Including the Practice of 

the Cullodion Proceu. 2d edition. 12mo, cloth. London • . . 9 UO 

Harriii (Mr \k\ S.) Uudinientary Treatise on Oalranism, and the general principles 

of Animal and Voltaic Electricity. ISmo., illustrated, cloth . . . 50 

Haaiial (A. H.) Pood and its Adulterations. With 159 Illustrations. 8vo. London, 

1865 . . . . . . . .8 50 

• 

Healli. Photography. A New Treatise, theoretical and practical, of the Processes and 

Manipulations on Paper and Glass. 8to. New York, 1855 . . . . 1 00 

Hedlejr (Joltil). Practical Treatise on the Working and Ventilation of Goal Mines; 

with suggeatious for Improvements In Mining. 8vo., cloth . . • . 8 75 

Hcnnah (T« H.) The Collodion Process. 4th edition. 13mo. London, 1850 . 80 

HenrjrC^r.) Elements of Experimental Chemistry. Srols., 8to. London . .10 00 

IIerlliiK(A.) Traitede Photographic sur Collodion Sec 3e edition. ISmo. Paris, 1856 60 

UlSbton. Treatise on the Electric Telegraph. 12mo. London, 1869 . .0 60 

Uindk (Dr. W.) The Harmonies of Physical Science in relation to the Higher SentI* 
mentfl, with Observations on the Study of the Medical Sciences, and the Moral andScien- 
tiAo KehiUons of Medical Lifs. Foap. 8vo. London, 1858 . . . . 50 

Hoef er (I- .) Nomenclature et classification chimlques, suivies d*un lexiqne hlstorique et 
synonymique comprenant les noma anciens, les formules, les noms nouveauz, le nom et 
la date de la decouverte des principaux produits de la chimle. ISmo., arec tableaux. 
Paris, 1845 . . . . . . . . . 75 

Hoeff^r. Hist, de Oiimie depuis les temps les plus recules jusqu'a nos jours. 9 vols., 8ro. 
Paris, 1S42. (Very scarce.) ..•...• 

Hood (C.) A Practical Treatise on Warming Buildings by Hot Water, on Ventilation, Ac. 

8d edition. 8vo. London, 1656 . . . . . . 8 95 

HopkliiK (T.) On the Atmospheric Changes which produce Rain and Wind. 9d edit. 

8?o. . . • . . . . . . . 1 50 

HopklMHon (J.) The Working of the Steam Engine Explained by the Use of the Indi- 
cator. $V(). London, 1864 . . . . • . . 1 50 

Horaley (J. A.) A Catechism of Chemical Philosophy; being a familiar exposition of 

the Principles of Chemistry and Physics. ]2mo. London, 1856 . . . 9 00 

Houzcau. Physique du Globe et Meteorologie. 18mo., with plates. Brussels, 1854 • 68 

Uonrard (l^nke.) Seven Lectures on Meteorology. 12mo. London, 1848 . .100 

Hoirlett (R.) On the rarious methods of Printing Photographic Pictures upon paper, 

with suggestions for their preservation. 19mo. Loudon, 1866 . . . 81 

Hunt (Robert). Researches on Light. 8vo. London, 1844 . . . 8 00 

■ ■ Photography : a Treatise on the Chemical Changes produced by Solar Radiation, 

and the production of Pictures from Nature. 19roo., clo. London . . . 1 70 

Hnr* aiix. Hlstolre des Falsifications des Substances Allmentaires et Medicamentenses, 
precedee d'une Instruction Elementaire sur I'Analyse, et suivie des Essais et Analyses 
Qualitatlves pour Reconnaitre Instautanement les produits Chimlques usites en Phar- 
macie, dans les Arts et dans I'lndustrle. 1 vol., 8vo. Paris, 1855 . . • 1 76 

Inorganic diem lattjr (First Outlines oO* 19mo. London . .196 

Isadore OfOflTrov Saint-Hllaire. Lettres sur les Substances Allmentaires etpar- 

ticullerement sur la Viande de Cheral. 18mo. Paris, 1856 . . . . 09 

Iliniitrat«>d standard KcientillG 'Works (Library of), beautlftiUj printed and 
Illustrated. Original London editions at the price of the Reprints : 

HI ul Icr^fl Principles of Physics and Meteorology. With 080 woodcuts and 9 colored 

engravings. 8vo. . . . . . 4 00 

'Wel«»bacli'B Mechanics of Machinery and Engineering. Vols. 1 and 9, with 900 

woodcuts . . . . . . • • 7 60 

Tcchnolofry : or, Chemistry applied to the Arts and to Mannfactnras. By Ors. 

KXAPP, RoHOLDS, k RiCBAaDHOii. Splendidly illustrated. 8 vols., 8to. . . 18 00 

<|uekett^B Practical Treatise on the use of the Microscope. With Steel and Wood 

Engravings. 8vo. 8d edition, with additions . . . 00 

Grabniafs Elements of Chemistry, with Its applications In the Arts. 9d edition, 

with inumerable woodcuts. 9 Tois. . . . . . 10 IH) 

Fan^fi Anatomy of the External Forms of Man. For Artiste. Edited bj R. Kkox, 

M.D. 8vo., and an atlas of 28 plates 4to. Plain, $6 00. Colored, . . 10 00 

NIchol'a Architecture of the Heavens. 9th edition. Sntirelj rerised. Steel 

Plates and Woodcute . . . . . 8 BO 

IIIitcliell(J.X Manual of Pracucal Assaying. 9d edition, much enlarged. 8to. 

London, 1855 . . . . . . 00 

JTalinson (.1 • F« !¥•) Instmetlons for the Analysis of Soils, Limestones, and Manures. 

8d edit. 19ffio. Edinburgh, 1850 . . . 60 

■ The Chemistry of Common Life. 9 rob. 19mo. Idlnbttrgh,1850 • . S 00 
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Jolmson (J* F* W.) DemenU of Arrieultaral Cbemlatry and Ckology. ISmo. Ith 

edit. Londoiit 18M . . . « • . -t 00 

JToardaln. Pbannacopee UnlreraeUe, ou Conipectot da toutet lea Pharmacopeea. % Tola. 

in-d. 2 edit. Paris, 184U . . . . . . . 6 t5 

Joyce (K eir. J*) Scientific Dialogues Intended for the Inttrnction and entertainment of 

young pecnie. 12iuo. London, iHSi . . . • • . 75 

■■ Dialogues on Ciiemistry. 8 toIs. ISmo. . . . . , % K 

JlUlen. Quelques points de Science dans TAntiqulte. Ph/slque, Metrique, Moslque. 

8vo. Paris, 18M . . . . . . . S 00 

Ktemtz* A Complete Coarse of Meteorology. Willi additions by C. Y. Walker. 1 toI., 

post 8to., pp. 424, with 10 plates., cloth boards. 1845 . « . 8 00 

Kane (Sir Robert). Elements of Chemistry, theoretical and practical, including the 
most recent discoyeries and applications of the Science to Medecine and Pharmacy, to 
Agriculture, and to Manufactures. Illustrated by 800 woodcuts. 870., cloth . . 8 00 

Kemp (T* li.) The Pbasis of Matter; being an Outline of the Discoyeries and AppUca* 

lions of Modern Ciiemistry. 8 toIs. 18mo. London, 1855 . . . . 8 00 

— — Agricultural Physiology Animal and Vegetable. For Practical Agriculturists. 

12mo. Kdinburgh, 185U . . . . . . 9 00 

Kerr (T.) A Practical Treatise on the culliTatiun of the Sugar Cane, and the Manufac- 
turing of Sugar. 12mo., cloth . • . . . . . 1 00 

Knapp^ Ronolds, and Rlcliardson. Chemistry in its application to the Arts 
ana Manufactures : 

Vol. L— Fuel and lU Applications— Coal, Gas, Oil, Spermaceti, Ac, and their applica- 
tion to purposes of Illurainiition, Lighthouses, Ac. — Resin, Wax, Peat, Wood, Stoves, Ac, 
Ac, in 2 Parts, 8vo., witii 488 Engravings and 4 Plates . . . . 9 01 

Vol. IL — Glass, Alum, Earthenware, Cements, Ac, Ac, manufacture. 8ro., with 214 
Xngravings and one Plate . • . • . . 4 00 

Vol. III.— On those branches of Chemical Industry, including the Production of Food, 
and Related to Agriculture. (Bread, Milk, Tea, Coffee, Sugar, Tobacco, Ac.) With 9 
bigravings and 129 Woodcuts . . . . . . . 6 00 

Kobell* Sketches from the Mineral Kingdom. Post 8vo. London, 1858 . . 1 5u 

Vol. III., embracing sugar, coffee, tea, Ac, with 7 folio coloured plates, . . 5 OO 

Knl^l^t* Dictionary of Arts, Commerce, and Manufactures. 8to. London, . . 8 50 

Kyan (J. !!•) On the ElemenU of Light, and their Identity with those of Matter, Radi- 
ant and Fixed. 8vo. London, 1S88 . . . . . . 8 00 

I«abonlaye« Dictionnaire des Arts et Manufactures, de 1* Agriculture, des Mines, elc 
Ouvrage formant 8 tres forts volumes in 4to., et Ulustre de 8,000 grarures. Now com- 
plete . . . • . . . . . . 15 OC 

I^aeambre* Fabrication de la Blere et Distillation dat AlcooU. ToL 1 8to. (For the 8 

vols.) . . . . . . . . . 5 OC 

Lacan (K.) Esquisses Photographiquec a propot de inbcposltion Unlreraene et de la 

Guerre d'Orient. 12mo. Paris, 1856 . . . . . . 70 

Lambert. Sur la Meteorologie. 4to. . . . . 85 

Ijame (G.) Cours de Physique de I'Ecole Polytechniqne. 9 Tola., en 8 Parties. 8to., 

a vec 17 planches. Paris, 1888-87. (Very Scarce.) . . . • OC 

l«ardner (D.) Handbook of Natural Philosophy. Hydrostaticf, Pneomatlos, and Haat 

12mo. London, 1855 . . . . . . . . 1 60 



The Museum of Science and Art. 10 vols., 18mo. lUustra^'jd by enfrarings on 



wood . . . . . . . 8 85 

Handbook of Natural Philosophy and AsUt>nomy. Third Course— Meteorology ; 



Astronomy. 6vo., with 87 lithographic plates and upwards of 800 liiustraUons on wood, 
clbth. London, 1858 . . . . . . . 5 00 

A Treatise on Heat. 12mo. London, 1858 . . • . . 1 00 



liWaJgne. Dictionnaire des Reactlfs Chimiques employes dans toatea le experiences. 

8vo. fig. Piris, 1889 . . . . . . . 8 50 

Iianrent (!Vf •) Previa de (Mstallographie sulri d*une Methode Simple d*Analyse au cha- 

lumeau. 18mo. Paris . . . . . , . 87 

Lanrent (Auff.) Methode de (Thimie. Precedee d'on Arts an Leeteur, par M. Blot. 1 

vol., 8vo., avec figures dans le texte. Paris, 1854 . . . . . 8 00 

Laurent (A«) Chemical Method, Notation, Cl^aslficatlon and Nomenclature. Trans- 
lated by Odllng. London, 1855 . . . . . . . 8 50 

(Cavendish Society Publication.) 
Le Gray. Nouveau Traite de Photographie sur papier et sur Terra. 8yo. Paris, ISSl • Tb 
Lelimann* Physiological Obemlstfy. With Illustrations. 8 vols. ^vo. PhUaddphla, 

1858, • • • • • • • • cO 00 

— >— Chemical Physiology. Translatod 1^ J. 0. Monli. PhUadtfphIa, 1868 • . 9 95 

— — Precis de Ohlmle Physlologiqna Anhnala, TndnollOB da PmUmmv Drion. Pttif, 

3960. 1 ToL, gr. ISmo., avtc Ag. • • • • • • 1 91 
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I«>Sleiitler (S* ]!•) Tndte d« Ghhnle Pftthotoglque oa RecberehM ohlmlqaM tut In 
•olidei et Im UqaidM da oorpt humsln, dans leun impporU areo la Phjtiologf« et la 
Pathologie. Syo. Farli,18tt . . f S6 

Le N«niiuuBld« L*art da dltUUateur des eaax-de-rie. 8 vols., 8to. Paris, 1817 . 8 01 

Ler eb«ani« A TnatlM oo Photography, bj J. Egerton. 8to. Londoo, 1848 • S 00 

Iiereb«iirs et Secretan* Traite de Photographle. 6e edit. 8to. . . 1 01 

Iteresque. Art of Brewing and Malting. 4th edit. 8t6. London, 1847 . 7 00 

LleMs (jr. V«) OhaniiBtrj and Phjsics, In relation to Physiology and Pathology. Sd edi- 
tion, 8to. . . . • . . . • TC 

; NoareUes Lettres sar la chimle, tradaltee par Charles Oerhardt. ISmo. Paris, 

18M . . . , . . . W 

* Letters on Chemistry. ISmo. London . . . • 1 00 

■ ■ Researches on the Chemistry of Food. 8to. London . . • 1 01 

" Principles of Agricultural Chemistry, with special reference to the late re s e ar c h es 

made in England. 8to. London, 1805 . . . . • 1 U 

— ^— Handbook of Organic Analysis, containing a detailed account of the yarioos 
methods used in determining the elementary composition of Organic Substances. Edited 
by Hoffman. Post 8vo., woodcuts. London, 18m . . . . 1 00 

Lleblc and Kapp's Annaal Acport of the Progress of Chemistry, Ac 4 toIs., doth. 

1808. (TobeconUnued.) . . . . . . .10 00 

LiUlKt X It Natore, Sources, SflBects, and AppUcattoaa. Illustrated by a Photograph. ISmo. 

London, 1850 . . . . . . . • . 1 tS 

IjOHIC (C. A*) Practical Photography on Glass and Paper. Sd edit. ISmo. Sewed. 1800. 8J 

I^we (T.) The Art of Cleaning, Dyeing, and Scouring, Ac. 19mo. London, 1804 . S 9C 

IcO^r (David;* Au Inquiry into the Nature of the Simple Bodies of Chemistry. Sdedtt. 

8to. London, 1850 . . . . . . . S 71 

IjO^tIc* Principles of Organic and Physiological Chemistry, by D. Breed. 8to. Phlla- 

deiphia, 1808. . .. . . . . .800 

JBteclLenaBle (0«) One Thousand Processes in Manufactures, and Experiments in Chcmls- 

8to. I^ndon, 18S0. Half bd. . . . . . • 8 00 

— — — «^ Theory and Experiments in Chemistry. 8to. London, • • . 00 

SEcGanley (Rew* JT* HT*) Lectures on Natural Philosophy, f toIs. 8to. London, 

1800. UaU bd. . . . . . . 5 00 

nalayutl (F.) Lecons de Chlmie Agricole, Professees in 1847. 18mo. Paris, 1800 . 1 00 

__ /J.) Lecons Blementalres de Chimle. % rols, ISmo., aT«o 104 figures Intercalees 

dans le teste. Paris, 1808 . . . . . . • S 00 

Blareet CW,) On the Composition of Food, and how it is Adulterated; with practical 

directions for its analysis. 8to. London, 1800 • . . . . f 00 

narters* Esqulsse d*une nouvelle classification Chimique des Corps. 4to. . • 80 

- •*» Combustion de la rapeur alcoolique et etheree, autour d*un fil de Platlne. 4to. . )(0 

— — — — Sur la theorie Chimique de la Respiration et de la Chaleur AnlmaL 4to. . 00 

nartflis (A«) Handbnch der Photographle. Dritte aofiage. 8to. Wlen, 180S .8 8: 

MatHer (James)* Coal Mines, their Dangers and Means of Safety. 8to., woodcots. 

London, 1808 . . . . . . • 1 19 

niattencl* Cours Special sur llndnctlon, le Magnetisms et sur les relations entre la forco 

Magnetique et les Actions Moleculaires. 8ro. Paris, 1804 . . . • 1 00 

Bfattenccl et Sawl* Traite des phenomenes Slectro-Physlologiques des anlmaoz. 

8ro. Paris, 1841 . . . . . . 8 00 

niatUfte^we CW*) CompendiamcfClas Lighting. ISmo. London . • 1 SO 

■ Historical Sketch and Origin of Gas Lighting. ISmo. London . . 8 90 

nieinoiree d'Agriculture, d*Economie Rurale et Domettique, publics et par la Sodete Im- 

periale et Centrale d'Agriculture. Annee 1804. lore partie, 8to. Paris, 1805 . 1 00 

JKeesler* Observations sur les grandes Chaleurs, la Secheresse, etc, de la Seine a Paris, 

4to. Pendant 1788 . . • • 00 

Metcalfe (S. T.) Caloric ; Its Mechanical, Chynucal, and Tltal Agencies in Jie Pheno- 
mena of Nature. 8 rols., 8to. ....... 

AUall&e* Chimle api^quee a la Physiplogie et a la Therapeutiqoe. 8yo. Paris, 1800 • 8 Ov 

Miller (W» A») Elemants oi Chemistry, Thaorttloal and Practical, extenslTely lUos- 

trated. 8 vols. Sro. London, 1800-07 . . • • .14 00 

Just Comi^etcd. 

MUlar ( JTamea)* Btemeats of Chemistry. 8to. London • • 8 70 

Miller CW*) (Cashier to the Bank of EnglandO Dechnal Tables used at the Bank of 

JCngland, for reducing Gross weight of Gold and BUrer to Standard. 4to. London, 1804 1 80 

Millail (M* E.) Etudes de Chimle Organlqae ftdtes en rue des Applications Physiolo* 

loglqaes et Medieales. 6to. LiUe,1840 . . . . .0 70 
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nmion (Hf • £•) Des Pheooroenes qui se prodalseot do conUct de VEnu et dn Bto el da . 
lear Cozueqaenoes, lodoiiiieUa. 8ro. Puis, 18M • • • • li 

JHItcliell (J.) Manual of Practical Astajlng, intended for th« om of Ifetmllorgtstot 
Cuptnlns of Mines, and Aiixayen in f eneral. With a ooplotu taUe, for the purpose of 
aficerialning in AMays of Gold and Silver the precise amount. In ounces, pennjnrelfhte, 
and grains, of noble metal contained in one ton of ore, from a glyen fuantitj. 1 vol., 
8ro. 2nd edit. London, 18&4 . . • • • • • ft M 

— — — — Treatise on the Adulterations of Food, and the Ckemieal means employed to 
detect them. Containing Water, Flour, Bread, Milk, Cream, Beer, Glder, Wines, Splrlt- 
ooos Liquors, Coflbe, Tea, Chocolate, Sugar, H onej, Loienges, Cheese, Vinegar, Pieklos, 
Anchory Sauce and Pasta, Catsup, Olive (Salad) Oil, Pepper, Mustard. ]2mo. Lon- 
don, 1848 . • • • . • • slM 

noif^no* Tralte de Telegraphie Electrlqne. 8ro., and atlas. Paris, 18fiS • 8 75 

-— — Repertoire d*Optique. 4 Tols., 8ro. Paris, 184fMW. (Very scarce.) . "* . 

norebead {'*•) Essay on Inebriating Liquors and Distillation. 8vo. London . 4 T5 

Horflt (C) A Treatise on Chemistnr applied to the Manufacture of Soap and Candles. 

New edition. 8ro., woodcuts. Philadelphia, 1866 . . . 8 00 

ninlder (G» J*) The Chemistry of Vegetable and Animal Physiology, with Intro- 
ductlon and notes by J. I. W. Johnston, and twenty illustrations, colored and plain. 
8to., cloth . . . . . 8 80 

nailer. Principles of Physics and Meteorology. Illustrated with 600 Woodcuts, and 9 

coiored plates. 8ro. London, 1847 • • . • . • 4 00 

WLUTphj (Rew* R«) Elementary Principles of the Theories of Electricity, Heat, and 

Molecular Actions. Part I. 8vo. Cambridge (England), 1888 . . . 9 90 

ntnrpliF (P«) Rudiments of the primary forces of Gravity, Magnetism, and Electricity 

In their Agency on the Heavenly Bodies. 8vo. London, 1880 . • • 4 00 

. IHurrmF* System of Chemistry, 4 vols., 8vo. London • • • .'16 T5 

■ Sketch of Chemistry. 12mo. London . . • . • 9 tS 

■ Manual of Chemical Experiments. 19mo. London . • • . 1 00 

■ Chemical Tables and Diagrams. 8vo. London . • • . 1 00 

■ ■ Elements of Chemistry. 4 vols., 8vo. London . . . • 7 60 

Ulnsprmtt (Dr« S.) The Use of the Blowpipe, In the Qualitative and Quantitative 
Examination of Minerals, Ores, Furnace products, and other metallic combinations. 
By Platner. 8vo., cloth . . . . • 8 00 

-— ^— — (^emlstry Theoretical, Practical, and Aoolytieal, as applied and relating to the 

Arts and Manufactures. Royal 8vo. 7 UiW, 9. London, 1868. Each . 9 01 

Each division of this fine work contains 4 portraits (engraved on steel) of the most 
celebrated chemists. 

tf apler ( J«) Manual of Electro-Metallurgy. Post 8vo. 1866 • • . 1 00 

— — — A Manual of the Art of Dyeing. Svo, with lUustratlonii. London, 1868 • 9 90 

"MTeaMA (J« C) On Agricultural Chemistnr, and the Nature and Propertiee of Peru^aa 

Guano. 8d edition. Svo. London, 1864 . • • . . 1 90 

IViibet<W«) Dictionary of Chemistry. 12mo. London . . . .9 60 

Ulcollet <II«) Atlas de Physique et de Meteorologle Agrlcoles. Grand In-foU, de 18 pL 

coL, avec tableaux et texte. Paris, 1866 . . . . 18 60 

•Hoad (H* JOL.) A Manual of Electricity, including Galvanism, Magnetism, Diamagne- 
tlsm, Electro-Dynamics, Macneto-Eleciricity, and the Electrle-Tele'nrai^. 4th edition, 
entirely rewritten. 2 volsi 8va London, 1866 . 7 90 

— ^— iChemical Manipulation and Analysis Qualitative and Quantitative. With aa Intro- 
duction explanatory of the general principles of Chemical Nomenclature, Ac Svo, 
London, lt»2 . . . . . . . . . 8 00 

Lectures on Chemistry. Svo. London • . « . • 8 70 



If ormandjr* Commercial Handbook of Chemical Analysis. Post Svo. London, 1860 . 8 70 



▲ Practical Treatise on Chemical Analysis, Quantitative and Qualitative. By 



Rose. 3 vols., Svo. London, 1848 . . . . . . 10 9d 

An Introduction to ditto, 8vo. London • , • . • 9 76 



Orflla (HI* P.) Elemen\s of Modem Chemistry. Svo. London . . • 8 26 

Ottlej (W* C.) Dictionary of Chemistry and Mineralogy. Svc London . . 4 (Ml 

Pmrifl (J* A.) Elements of Medical (Chemistry. SvO. London . . . 4 76 

.Pantell. Treatise on Dyeing and Calico Printing. Svo. London . . . 9 18 

' Elementsof Chemical Analysis, Qualitative and Quantitative. Svo. London. 184& 

Reduced to . . . . . . . 9 76 

*— — - Applied Chemistry In Manufactures. Vols. 1 and 9. Svo. London. Each • 8 70 



iPayen* Oonrs de Ohimie Appllquee, profesee a UEcole Oentrale dee Arts et MamiflMtwei, 
•t au Conservatoire des Arts et Metiers. Redlge par Dellisee et Poinaot. Ire pwtiev 
OUmle Organique. Sro., areo atlas foUo de 00 planches. Paris, 1847 • • tOO 
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Payea* Precli de Chimle Indiutrielle, a roMg-t dea EcoIm preMratolns auz Profei- 
■toni IndustrlellM d«s Ikbrieanti, ei dw Bfrloaltciirt. S too. 8to., aTeo atUs d« 
punches In 8to. Parts, IttMl .6 25 

PaTen «t Ricl^ard« Preeb d*Agrlcalture theorlqne et pratique. S toIs^ 8to> 

Paris, 1861. . . . . . 8 75 

Peckston (T. S*) Treatise on the Manufacture of Oas. 8ro. London . . 7 75 

Pec let (E.) Trails demenUire de Physique. 4me edition. 8 toIs., 8vo., atlas, Paris, 1847 8 75 

— — — — Tralte de la Chaleur, consideree dans ses applications. Troisienie edition entlere- 

ment refondue. Uo atlas de 188 planches et uu toI. de teste. Liege . IS 60 

Do., 8 Tols., 4to., et atlas. Paris . . . . . 17 68 

Le supplement separement, 1858. 4to. . . • • . 8 85 



Peloazp* Traite de l*Eclairage au Gaa tire de la Houine, dee Hnlles, de Resines, etc. 
1 ToL, 8ro., et 84 pi. (Scarce.) ....... 

Pelouz et Freniy* Traite de Chimie generale, comprenant les applications de cette 
Science a TAnalyse Cliimiques a lUudustrie, a l*Agriculture, et a TUistoire Natorelle. 
8nde edit. Tomes 1 a 5 et atlas. Parlo, 1854-56 . . . . . 18 00 

11 y aura no 6e toI., qui sera donne gratis. 

■ ■ ■ Abrege de Cliimie. Troisleme edition, conforme aux nouresx programmea de 

l*enseignetnent scientifique des Lycees. 8 vol., grand ISnio., avec 174 figures intercaleee 
dans le texte. Paris. 1856 ....... 



Notions Oenerales de Chimie. Un beau volume imprime aTCC luxe, accompagne 



d*un Atlas de 84 planches en couleur, cartoune. Paris, lb6d . • • 5 50 

Peltier (4«) Meteorologie. Observations et Recherches experlmentales. 8vo. ' 
Paris, 1840 . . 8 00 

Perelra. Iiectures on Polarised Light. Second edition, greatly enlarged fk>oni materials 

left by the author. Edited by Prof. Powels, of Oxford. 18mo., woodcuts. London, 1856 8 85 

PerHoae* Traite theorique et pratique de IMmpression des tissus. 4 t)eaux vol., 8vo ,avee 
165 figures et429 echantiUons d*etoffes, intercaies dans le texte, et acconipagnes d*aB 
atlas de 10 pi. 4to., gravees en tallledouce, dont 4 sunt coloriees. Onvrajfe auqnella 
Bociete d'encouragement a accorde uue medaille de 8,0u0 fr. Paris, 1846 . • 17 00 

PbarniHceutical Journal and Transactions. Vols.! to 15. Half bonnd. London, 

1841 to 1S66 . . . . . . 60 00 

Annual Subscription (published monthly) . . . . 8 75 

PliariiiHcorRia* The New London, Including also the Dublin and fldlnburfh Phar> 

macopnias by J. B. Nevins, M.D. 8vo. London, 1851. . . . . 5 00 

Pbiliifk ( r. A«) Gold Mining and Assaying; a Scientific Qulde for Anstralian emi- 
grants. 19nio. With woodcuts, London, 185:2. . . . . . 1 00 

— — — - Manual of Metallurgy. Post 8vo. New edit. London, 1854. . . . 8 TO 

PbHI pe (K.) A Million of Facts of correct data and elementary constants In the 
entire circle of the Sciences, and on ail sul^jects of speculation and practice. Mew edit. 
18mo. 1856. . . .8 81 

PbiloMophlcal Tran«»actloii« of the Royal Society of London, ttom 1885 to 1851, 

inclusive, forming 35 vols. 4to. Half bound in Russia . 180 80 

(Published price, £70 unbound.) 

PieM e (S.) The Art of Perftimery, atd the Method of obtaining Odors of Plants ; 
with instructions for the Manufacture of Perfumes for the Haudlcercliief, Scented Pow- 
ders, Odqrous Vinegars, Den'ifrices, Pomatums, Cosmetlques, PerfUmed Soap, Ac 
Wltl) appendix, Ac. Orown 8vo., cloth. London, 1806. . . . • 8 85 

PlattUf r (i • i\) Tableau de (Jaracteres que presentent au Chainmeaa les alcalis, las 
terres et les oxydes metalliqnes, soit seuls, soit avec les reactib. Traduit de rAUemaod 
par Sobrero. 4to. Paris, 1818 . . . . . . 60 

— The Use of the Blowpipe in the QnaliUtive and QuantiUiive Examination of 

Minerals, Ores, furnace products, Ac. 8vo. London, 1850 . * . 8 00 

PoUaoti (^« D*) Theorie Mathematlque de la chaleur. 8vo. 1885 . .0 50 

Pvuillet* Elements de Physique Experiment ale et de meteorologie. 7ma edition. 

2 volumes, Svo. de texte et uu volume de 40 pi. 8vo., 4to. Paris, 1856 . 4 50 

Prt'Ctt 1 1 (J* jr.) Technologische Rncyclopssdie oder alphabetisches handbneh der Teoli- 
nologie der Technischen Chemie und des Masckinenwesens. Vols. 1 to 18. 8vo., und 
plates fol. ......... 

Pri«t«*aax (T. 8.) On Economy of Fuel, particularly with reference to Reverberator/ 

Furnaces for the Manufacture of Iron, and to Steam Bnllen. 18mo., cloth . . SO 

Prout(W.) Treatise on Ciiemlsti7, Meteorology, etc. Svo. London . .4 50 

(|u«teli t (A.) Positions de Physique. 8 vols. ISmo. Brussels, 1884 . * 8 00 

Kammelebcrir (C'« FO Lehrbucb der Stochiometrle und der AUgemelnen theoretl- 

schen chemie. 8vo. Berlin, 1848 . . 1 TB 

■ • Anfangsfrunde der quantitatlven Mineralogiscb, und Metallargisch, anaytischeii 

Chemie durch Beispiele erlautert. Svo. Berlin, 1845 . . . 1 T8 

■■ Lelkfaden far die Qnalitatlve Chemlscbe Analyse, mlt besondertr Raduldkt mT 

U. Rose, Uandb. der analyt. Ohtmte. Svo. BtHia, 1848 . . . 79 



/ 
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Raapmll (F* T*) No«Te*a SjsteoM de Ohimie Organiqae, fond* nir d« mqaiffttm 
methods d'obMnratioDB, precede d'tin Traite complet sur l*art d'otaerrer, d« maoipater 
en grand et en petit, dans le laboratolre et sur le porte-otajet du microscope. Deuxieme 
edition, entlerement refondue, accompa^ee d*un atlas ln-4 de 90 planches de figures 
desslnees d'apres nature, grarces et colorlees arec le plus grand soln. 8 Tols., 8to., atlas 
4to. Paris, 1888 . . . . . T OC 

— Nonreao BTSteme de Physlologle regetale et de Boianlqvie, fonde sur les metbodes 

d'obserTations developpes dans le nouTcau systeme de chlniie organlque, aecompagne 
de 60 planches contcoant pres de 1,000 figures d'analjse desslnees d'apres nature et 

fraTees avec le plus grand soln. 3 forts voh, 8ro., et atlas de 80 planches. Paris, 
887 . . . . . . .700 

■ Lie meme onrrage, planches colorlees . . . • . 18 M 

Re«ch« Theorie Oenerale sur les Effets Djnamlques de la Chaleur. 4ito., arec planche. 

18M . . 8 00 

Reiniiml^ (^* HO Cours Eaementaire de Chimie, a Tosage des Facultes, des Ktablis- 
•ements d'Enseignement secondatre, des Ecoles Normales et des Ecoles Industrielles. 4 
Tols. 12mo. 4th edit. Paris, 1858-4 . . . . . . 6 00 

— — — Slements of Chemistry. Translated by Beiton and Taber. S toIs. 8to. 700 

woodcuU. PbUadelphia, 1858 . . . . 7 50 

Relations des Experiences entreprlses pour determiner les princlpales lots et les 



donnees numeriques qui enirent dans le calcul des Machines a Vapeur. 4to. Paris, 
1847. (Scarce.) . . . . . . . . 10 00 

Cours Elementaire de Physique. 4 toU^ 18mo., anglais, avec figures dans le tezte. 



Sous presse 

An Elementary Treatise on Crystallography. Illustrated with 108 Wood Engrar- 



ings, printed on black ground. 8ro. London, 1843 . . . . 75 

Premiers Elements de Chimie. 1 vol., 18mo., avec figures dans le texte. Paris, 



1850 . . . . . . . . . . 1 20 

Reicl^enbmcli (Baron Charles.) Physlco-Physiological Researches on the Dyna- 
mics of Magnetism, Electricity, Heat, Light, Orsrstaliisation, and Cbemism, in their Rela- 
tions to Vital IToree. The complete work, from the Oerman second edition, with Additions, 
a preface, and critical notes, by John Ashburner, M.D. 8ro. With woodcuts and one 
plate. London, 1850 . . . . . . . . 8 00 

Reld (D* K*) Illustrations of the Theory and Practice of Ventilation, with remarks on 

Warming, Exclusive Lighting, and the Communication of Bound. 8vo. London, 1844 . 4 80 

— >-^- Rudiments of Chemistry, with illustrations of the Chemistry of Daily Life. 4th 

edit. ISmo. London, 1851 . . . . • • . 75 

Repertoire de Pbarmacle. 6 vols. 8vo. 1846-1850 . 7 50 

Richardson (C* J.) Popular Treatise on the Warming and Ventilation of Buildings. 

18 plates. 8vo., hi. cf. London, 1881 . . . . . . S 00 

RIntoal (<%• NO A Guide to Painting Photographic Portraits, Draperies, Background, 

etc, in Water Color. With colored diagrams. ISmo. 1855 . . . 60 

Roherfs (W. Ij.) Scottish Ale Brewer and Maltster. 8vo. London .5 00 

Robertson (H«) A General View of the Natuutl History of the Atmosphere, ko. 8 

vols., 8vo., cf. Edinburgh, 1808 . . . . . 9 00 

(f la) Tralte pratique d^analyse chlmique, suivi de tables servant dans les analyses 
a calcirier la qnantlte d'une substance d'apres celle qui a ete trouvee dans nne autre 
substance ; traduit de l*AlIeroand sur la quatrieme edition par A. J. L. Jourdsn. Nou- 
velle edition, sveo des notes et additions, pnr M. Peligot, professeur de chimie au Oon- 
servaioire des arts et metiers. 9 vols., 8vo., fig. Paris, 1848 

Practical Treatise on Chemical Analysis, including Tables for calculations In Ana- 



lysis. With notes and additions by A. Normandy. 2 vols., 8vo., cioth. London . 10 90 

■ ■' - Analytical Manual of Chemistry, by Griffin. 8vo. London . . . 4 7ft 

AusfUhrliches Handbuch der Analytlsches Ghemle. 8 vols., 8vo., hfL bound calf. 



Braunschweig, 1851 . . . . 8 00 

Roseleur(A.) Manipulations Hydroplastlques. Guide pratique dn doreur, de Targen- 
teur et du galvanoplastie (avec (K) figures en galvanoplastie intercalees dsAs le teste). 
8vo. Paris, 1858 . 8 70 

Runve (F* F.) Chemistry of Dyeing. Part 1. 8vo. London . 1 50 

Rjland (A*) Treatise on Assay of Gold and Silver Wares. Post8vo. London, 185S . 1 TO 

Smbine (E*) Magnetlcal Observations at Uobarton. Vol. 8, royal 4to. London, 1858 . 18 00 

Sacc (F.) Precis ElemenUire de Chimie Agricole. 3e edit. 18mo. Paris, 1855 . 1 00 

Smffctj Ijamps for lUinerSf etc. Knapp*s Chemical Technology. VoL 1. 1858 8 00 

ganders (Dr. J. ITT.) Practical Manual on the Use of the Btbwpipe . • 

WUi be published in January, 1857. 

Santlnl. Teorica degll ol^ettlvl acromatici. 4to • . • .0 10 

Sclieerer (T.) An Introduction to the Use of the Blowpipe ; together with a deaciip- 
tlon of the Blowpipe, characters of the important mineraJa. TranilaUrt by H. L. BlMi« 
shard. ISmo. London, 1858 • . • • 1 89 
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■ell««4l0r Wid niedlock* The Book of Nature ; an eUwDenUxy Introdaetloa to th* 
MtBOM of fkjitoi, Astronomx, Ohomitiry, 4c, Ao. 8to. London, 1851 

Seliroder (!!•) DIo MolecuUrrolame der Chemiachen Terbindongen im festen and floa- 
itffMi Snstaada. 8to. Mannheim, 1848 ...... 

Scoffern* Ohemlatry of the Imponderable Agent* ; including the Prineiplee of I4ght, 
Heat, Beetrloitj, and Magnetism. 8ro. London, 186ft .... 

— — ^— Manafacture of Sugar la the Oolonlet. 8to. London . . • 

— — ^— Blementary Obemistry of the Imponderable Agenta and of Inorganic Bedlat. 8to. 
London, 1866 ..•....•• 

— — ^— Chemlstrjr no Mjtiwj, ISmo. London . . • . • 



HcowmhjiW,) Magnetlcal InTeetigatloni. 8 Tola., 8to. London, 1808 

Sl^eir ( J*Iib)« DireoUons for Teetlng Oane^ulce. 12mo., doth • • 

SOiee (A«) Instinct and Reason ; deduced from Electro •Biology. 8to., cloth . • 

—— Elements of Eleotro-MetaUnrgy. Illustrated wilh woodcuts. 8to., cloth • 

Smltli (It* R«) Italian Irrigation ; being a Report of the Agrlonltural Oanals of Pled* 
mont and Lombardy ; addressed to the Directors of the East India Company. S Tols. 
8to., and plates, foUo, cloth. Edinburgh, 1806 . . . . • 9 00 

SliilUl(D«) Practical Dyer's Guide. 8¥0. London • • • . 

— — — - Dyers' Instructor. ISmo., London ..«••• 

Solly (E.) Introduction to Rural Ohemlstry. 8to. London • • • 

———^ Syllabus of Lectures on Chemistry. 8to. London . • • • 

Soabelran* Traite de Pharmacie theorique et pratique. 8e edition. 8forts7<d. 8to., 
aTOC 68 fig. imprlmees dans le teste. Paris, 1847 ..... 

— ^— Precis elenientaire de Physique. Se edit, augmentee. 1 ToL, Sto., Mreo 1$ 
planches 4to. Paris, 1844 ....... 

Safton (T.) The Calotype Process: a Handbook of Photograpfajr on Paper. 8to. Lon- 
don, le6& . . . . . . • •,• 

S'vroden Aorgr* Principles of Chemistry. 8to. London • • * « 

TabI e*« generaies des Comptes Rendus des seances de I'Academie des Sdeneea, pubUees par 
MM. les secretaires perpetuels, conformeroent a nne decision de I'Academie, en date du 
ISjuUlet 1886. Tomes 1 a 81. 8 aout 1886 a 80 decembre 18D0. 4to. Paris, 1864 

Tardicu(A.) Toiries et olmetleree. 8to. Paris, 1868 . • • • 

Tate ( r«) The Little Philosopher ; or, the Science of Familiar Things: in whloh tha Prin- 
ciples of Nature and Experimental Philosophy are Systematically Dereloped firom tha 
Properties and Uses of Familiar Things. Vol. 1. 18mo. Londoi^ 1866 . • 

■ (C«) Theory and Experiments in Chemistry. 8vo. London • • • 

Xl^enard* Traite de Cfalmie elementalre. 6e edit. 6 rola. Paris, 1884-6 • • 

Very scarce. 

Tlkleme (F. W«) Die Physik In Ihre Besiehnng sur Chemle, oder di^eolien lehren der 
Physik, Ac. 8to. Leipsig, 1840 ...... 

Tliomaoii (T«) Practical Dyer's Assistant. 12mo. London . . 

■ Chemistry of Organio Bodies-^ Vegetables. 1 large Tol., 8to., pp. 1098, boards. 
London, 1888 .•..••.•• 

Heat and Electrioify. Sd edition. 1 toL, 8to. Hlnilrated with woodenU Lea- 



den, 1889 

— Chemistry of Animal Bodies. 8to., cloth . 

— Blstoiy of Chemlstxy. 9 toIs. 19mo. Soaroa • 
— ^— Treatise on Brewing and Distillation. 8to. London 
— — Elements of Ohemlstry. 8to. London • . 

— First Principles of Chemistry. 9 7o1s.,6to. Londaa 

Outlines of Mineralogy, Oedogy, Ao. 8 Tola., 8to. • 

' Qystem of Inorganie Ohemlstry. 9 toIs., 8to. London 

—~^ System of Chemistry. 4 toIs., 8to. London • 
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Tlioiii«on (B« D.) CyclopswUa of Ohemlstry, Practical and Theoretical, indodfaig 
the Application of the Science to the Arts, Mineralogy, and Phyaology. 6to., with 
Ulttstrationa. London, 1864 . • . • 8 18 

Tlftomtli'vralte (!¥• !§•) A Onlde to Photography t Simple and Oondse Dhrectlons 

for obtaining Views, Portralta, Ac 9th edit. 19mo. London, 18B8 . .88 

Tlaard ( W« Ij«) Theory and Prsetice of Brewing. 8nd edit. 8to. London, 1848 • 7 88 

— > Brewer's Journal. London, 1864 . . 8 96 

Tolbausen et Oardlsaal. Dictionnalre Technologlque. Francals-Anglais-Alle- 

mand. 8 rols., ISmo. Paris 1883 . . . 6 08 

TomllBsoB (C.) QyelopsMlla of Useftd Arts, Meohanical and Chemical, Manufactor- 
Ing, Mining and Kqgincering. 8 rols., 8to., with lalcndld steel platea and woodeata. 
London, ltf4 . ^ . . 7 . . . . 18 99 
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TwommttWLU et ReTeil* Trait* d« l*art de formuler* eomprenftnt dM Botiont At Rimw 

maoie. 12ino. 18M. • • . 1 16 

Turner ( K •) ElemenU of Chemistry, Includinff the aclaal Sute and preraleik Doetrioet 

of the Science. 8th edit. Edited by Baron Liebig and Br. Gregory. 8vo. cloth . 9 00 

Ure (A«) A Bictionary of Arts, Manufactarea, and Mines, containing a clear Exposition 
of their Principles and Practice, ftth edit., corrected and greatly enlarged. 8 toIs., 8tom 
snd engniTin^s on wood, cluth. London,i950. . • • . 24 CO 

I BicUonary of Ohemlstry. 8to. London . . • • . f 50 . 

▼an nioiis* Bur les combinalsons faites par le Pyrophore. 4to. .00 

Tl^lelfe €!% ArclianilMiult* Bictionualre des Analyses chlmloues oa Repertoire 
alphabetlqtte des Analyses de tons corps naturels et artlQclels depuls la fondatloa de 
la chimie, arec l*lndicatlon des noma des auteurs et des reoueils oa elles oot ete inserees. 
S Tols., 8vo., a S col. Paris, 1851 . . . • 4 00 

Or half calf . . . ' . . . . . . 6 00 

Mker ( W.) The Magnetism of Ships and the Mariner's Oonipass : being a Rudimen- 
tary Rzpositlon of the Induced Magnetism of Iron in 8ea-golng Vessels. 19mo. Lon- 
don, 1858 . . . . 1 50 

(Vm V.) et Fau. Manipulations Blectrotyplques, ou Traite de Galranoplas- 



tle, contenant la Description des Procedes les plus Paclles pour Borer, Argenter, GraTer 
•ur Cuivre et sur Acier, reproduire les Medailles et los Epreures Baguerriennes, Metal- 
llser les Statuettes de Platre, etc., au moyen du Galvanisme. ^e edition, ISmo. 
Paris, 1865 ......... 00 

Watson (R.) Chemical Essays. 5 rols., ISmo. London, 1800 . 8 50 

WelMiter(J.) Elements of Mechanical and Chemical Philosophy. 8to. . .8 00 

Week*'* (%V« II.) A Memoir on the Unirersal Portable Eudiometer, an Apparatus 

designed for researches of Philosophical Chemistry. 4to., with plate. Sandwich, 1888 . 1 00 

WeldonCW.) Elements and Laws of Chemistry. 8to. London . .8 75 

Werttoeim* The«es presentees a la Faculte des sciences de Paris pour obtenir le grade 
de docteur des sciences physiques. Paris 1858 . . ... 

Theses de physique, de chimie et de mineralogle. 

Will 9t Lficbiff* Manuel Complet de Chimie Analytique, contenant des Notions 
■ur les Manipulations Chimiques, les Elements d'Analyae Inorganique Qualitative et 
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fabriquee. 4to. , aveo tabl^iuz. Paris, 1869 . . .2 21 

Gtorl&nrdt c8 Clmnocl* Pr4ois d'analysa ohimique ^oantitativa, 6 1'oaaga dea aaedeciiM, 

dea pharmaeiens, etc. 12mo. , aveo gravurea. Pans, 1858 .180 

— — PrAcis d'aoalyse Qualitative. 12mo., aveo gravurea. Paris, 1866 . 1 18 

Gmelln, G Handbook of Chemistry, translated by H. Watta. Published by Gavtndlsh 
Society of London. London, 1848-69. 
Vol. 1 , out of print, very scarce. 

Vol. 2 to 6 • • • 12 00 

Vol. 7.8.0,10 UOO 

Vol. 11, 12 00 

Goaaln (!«•> L'AgrieuHure fhm^lse. Prindplas d'agrienltnre appllquAs anx dlversaa 

parties de la (Vanoe. 4to., aveo «n carte et 226 plandMt . Finia, 1868 . . . 18 60 

BaUnere Brothers^ 440 Broadway j JT. V. 
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Gr aham . DenNntt of Cheml<itrir ; includiiig tiie Appliottion of tb« Se'>9ixee in the Arts. 
Bf T. 6m ham. F.R.8., L. k K., MMter of the Mint, kie Profewior of Chemtetrj at Uohrer- 
iiltx College, umAaa. 2aA edition, reritod and enlarged, eopionaly Uliutrated with 
wood-cuU. 2 rnls. 8ro. 1860, 1867 $10 06 

Vol. II. edited b>'H.WatU,M.C.a,Mparatel7. 1867 6 00 

Oimflsl. Etudes comparatire de denx sjrstAmee de chauf&tge at rentilalion k l'H6pital la 

Uiboiiiiere. 8ro. Paris, 185« .... i .60 

■' Etude du Kyatdme de chanffage et de Tentilation Atabli par Tan Hecke dans I'h6pi- 

UlBea^jon. 8ro. F^tris, 1867 60 

■ ' Sur la construction et rassainlsaement det latrinee et fossae d'aisance. 8to. avec 

planehes. Paris, 1869 76 

Chrcnr* SuffKestions as to the employment of a Nomm Ornnum Moralium. 8to. Lon- 
don, 1860 ... . 76 

tivegorjr, IV. Handbook of Inorganic Chemistrj. For the ose of Sludents. 4th edit 

12mo. liondoo, 1867 .... . 1 80 

•.^— Handbook of Organic Cbemlstrj. For the use of Students. 4th. edit 12mo Lon- 
don, 186T 3 24 

GMAn (F.IV.) A Compenditira of Qualitatire Analysts, teom the Simplest to the most 

CbmpVex Case^, anunged in a Seties of Eight Tables. 4to. London, 1868 . 8 60 

Cbnrre* Correlatton des forces Physiq^, par Hoigno. 8to. Paris, 1866 . 1 80 

Gnmrelle et Jstnnes*— <autde du chauffeur et du propri4taire de machines 6 vapeur 

4e edit 8ro.,avec Atlas. 62 planches. Paris, 186l». 2 26 

Haneock, T. Personal narratire of the Origin of the Caoutchouc or India Rubber Manu- 

flicture in f jigland. 8vo. With engravings. London, 1867 . 8 00 

II«vd'vrlcl^ T. F. A manual of (*hotographic Chemistry. 6th Edit London, 1660 2 00 

Hormonloua Coloring of Photopraplui. 12mo. London, 1869 . . 76 

Heniy, OmIaii* Traits pratique d'analvse chlmique des eanx minerales potables et eoon- 

omiquls avecleurs principalc4 applications, etc. 8vo., avec figures. Pari^. 1858 . 2 70 

Hevxe, O. ILitiftres fertilLutntes, engrals soUdes,liquides, naturels^tartifioiels. Seme 

edit I'aris, 1869 2 00 

Ho^lnr. Dictionnaire de Chimie et de Physique. 8e edit. Paris, 1867 . . 1 00 

Jakmiity J» Couri de Physique de PEcole Polytechnique. 8to. toIs 1 et 2, avec figures. 
Paris, 1868-60. 
L'ouvrage aura 3 vols., le Seme volume payable k Payanoe . . 8 10 

Jobcrt de LAmbsUle. Des appareils Alectriques des poissons 41eotriqnes. 8To.,aTce 

Atlas de 11 planches in fuL Paris, 1868 . . . . 2 26 

JolinMHi, O. IV. The Chemistry of the Worid ; being a popular explanation of the Phe- 
nomena daily occurring in and around our persons, houses, etc I'imo. London, 1860 1 62 

Jol&naon. The Chemistry of Common Life. New edition. 2 toIs. 12mo. London, 1869 8 16 

— ^— Elements of ag^cultural Chemistry and Geology. 7th edit. 12mo. London, 1866 • 1 80 

BLfBmtB, It. F. Court complftt de M4t4orologie, tradult et annot6 par Martins avec un 

appendioe par Lalanu4. 12mo.,aveo plauches. Paris, 1868. • 1r 96 

BLfBmtS. A Complete Course of Meteorology. By L. F. K»mts, Professor of Pliysics at 
at the UniTersitv of Halle. With Notes by Charles Martins, and an Appendix by L. Ia- 
lane. Translated with Additions, by C T. Walker. 1 toL, post 8to., pp. 624, with 
16 plates, cloth boards. 1846 8 26 

Knstpp, RonstlcU. stnd Rlclukrdsoii. Chemistry in its Application to the Arts and 
ManufactureA. Fad and itt AppHcationt^ embracing Cual, its Structure and Products, 
Gas, Oil, Spermaceti, &c..and their Application to purposes of Illumtnation, Lighthouses, 
&C., Resin, Wax, Turpentine, Peat, Wood, Stores, ke. By Drs. Ronalds and Itichardson. 
2to1s., 8to., most fully illustrated with 433 engrarlngs and 4 plates. (Being the 2nl 
Editicmof Vol. 1., in two parts, of Knapp's Technology.) . . . . 00 

The Aulhon of this Edition in their Prtfart soy ; « So raf^ Aos bem (kt arowlh, and se 
areattkt devdopment if the branches ff Manufacture mart intiwwtdif comiedm 
InprqKurit^ a Second Editim, we have found U necestarjf not cm^ to re-wriUmMh <f the 
uriglnalj but to aetend to contiderabljf the limits of thelLrti ffroup as to occupn the entirt <f this 
ttiwne, wkSdi may ther^en viitk far grtakr proprUtg be coiled a New Work thanaSeomi 
JUttion." 

_— Vol. L part IIL Containing the Alkalies and Earth. By Richardson and H. Watts. 
In the Press. 

Knstpp, Ronstlda, stnd RlclusrdMm. Vol. n. 8ro. Of Chemistry applied to the 

Arts and Manufacture!!, contains Glass, Alum, Potteries, Cement, Gypsum . .4 00 

Blnapp, RonsUda, stnd RtclukitUon. Vol. III. 8to. Of Chemist rr applied to the 
Arts and Manufactures, contains, Food generaUy, Bread, Cheese, Tea, Come, Tobacco, 
Milk, Sugar. Both these volumes are extensnrelj illustrated with eolored phitea . 6 00 

JEtaUttere Srathen, 4M JBroadwayy jy^. Vi 
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Kmv r J. GO The Mineni Kingdom. 1 rol. , foUo, with 22 pUte« ahoirfnir eolored Ului- 

tratiuns of th« most Importaiit Minerals and PMriCactions. EdinbuiKh, 1859 . $8 60 

■ The same. French Edition. Rirlji, 1869 . . 6 76 

Z«Aboiilajre. Eflsai sur I'Equivalent roecanique de la ehalear. 8ro. Paris, 1858 . 75 

I«adrcjr. Cliimie appliqu6e k la Titicuttore. 12mo. Paris, 1857 . 1 68 

Landriii. Trait6 de Pacier. Th4orie, metallairie, travail pratiqaes, etc. 18mn. Pariii, 

1869 . . . . . . . ... . . 1 13 

■ Du Plomb, de son 6tat danji la nature. 12mo. Paris, 1857, . .113 

I«Ardiier. Uandboolt of Natural Philosophy. Vol. 4. Electricitjr, Magnetism, Acoustics. 

IL'mo., with woodcuts. London, 1866 . . . . . . 1 S6 

I^ardiier (D.) Chemistry fer Schools. 12mo., with 170 illustrations. London, 1859 100 

LAtrcille. Repertoire gAn6rale de Photographie. 12mo. Paris, 1868 . . 1 00 

I«augel (A.) Etudes Scienttflques. I'imo. Paris, 1859 . . . . 1 00 

I<ebesiud ct Jullit FontMieIl«. Nour. Man. du distillateur et du Uquoriste. Nout. 

edit. I'Jmo. l*aris, 1856 ......... 90 

Lefort (jr.) Traits de dimie Hjdrologique ; I'analyse chimique des eaux douces <*t dea 

eaux ininerales, etc. 8vo. , arec figures. Paris, 1859 . . . . .ISO 

iaeb% (J.) . Letters on modem agriculture. Edited byJ. Blyth. 12nio. London, 1859 1 62 

Familiar letters on Chemistry. 4th e^t. 12mo. London, 1859 . . 2 00 

■ Chemistry and Physics, in Relation to Physiology and Pathology. Br Baron Jus- 
tus Liebig, Professor of Chemistry at the Unirersity of Gieasen. 2nd edit. dto. liondon, 
1847. . . . . . 76 

Uojrd (H.) Elementary treatise on the ware theory of Ught. 2nd edit 8ro. London, ' 
1867 S63 

liOrme (S2*) Trait6 complet de la fiibrieatlon dee saTons contenant des notions sur les al> 

caliH, etc. 18mo. , arec 2 planches. l*aris, 1869 ...... 90 

Lowe (G« H.) Des diremes resistances et autre propri6t6s de la fonte, du fer et de Pacler 

et de i'emploi de ces metaux dans lei constructions. 8ro., arec 2 planches. Paris, 1869 2 26 

Msif^ny. M4thode explicatire des engrais d4duite de la composition chimique des rcge* 

tuux, de celies dosdifTerentsengrais usites, etc. 8ro. Auxerre, 1869 . . .186 

y Malagutl* Lemons elAmentaires d^chhnie. 2eme edit. Tome ler en 2 parties. 12mo., 
^ avec tigurcs. Paris, 1868-59. Pour Peurrage compl6t en 2 rols. . . . 2 70 

J Ilalag^ti (F.) Leyons de caiimie Agrioole, professe en 1857 en 1868 et 1869. 8 vols. 

/ I'imo. Paris. . . . . . . . . . .160 

I Malagutl. Petit cours de Chlmie Agricole. 12mo. Paris, 1867 ... 90 

\ llstrtlii (B.) Nouvelle eoole electro-chimique, ou chimie des corps imponderables et pon- 
derables. Tome ler, en 8ro. ParLf, 1858 . . . . . . 1 80 

L'uuvrage Mura, 2 rols. 

Katteuocl (C.) Course d'electro phyisiologie, profess4 k Pui^rersitA de Pise en 1866 

8vo. , avec planches. Paris, 1858 ........ 00 

lI«inolres snr les Bans de PAiis. ler Memc^re 1864, 2eme Memoire 1868. 2 rols. 
4to., avec 12 planches. Paris, 1855-50. • 

lleinoiircs at tl&e !Llt«nurjr itnd PlUloM>pl&lcAl Socletjr of Slitnclicster. 

2nd Series. Vols. 9—13, 8ro. with woodcuts and plates. London, 1851— 1857. .9 76 

lIeunler(V.) Essais Scientiflques. Tomes 1,2, 3. 12mo. Paris, 1851-68, cheque rol. 87 

Hltd&ell (J.) Manual of Practical Assaying, intended for the use of Metallurgists, Cap- 
tains of Mines, and Assayers in General. With copious Tables, for the purpose of ascer- 
taining in Assays of Gold and Silrer the precise amount, in Ounces, Pennyweights, and 
Grains, of noble metal contained in/>ne ton of Ore from a giren quantity. 2nd edit., 
8ro., much enlarged, with 360 illustrations. London, 1854 . . i 00 

Treatise on the Adnlerations of Food, and the Chemical means employed to detect 
them. Containing Water, Flour, Bread, Milk, Cream, Beer, Cider, Wines, Spirituous 
Liquors, Coffee, Tea, Chocolate, Sugar, Honer, Loienges, Cheese, Vinegar, IMckles, An- 
chovy iSauce and Paste, Gatsup, Olire (Salad) Oil, Pepper, Mustard. 12mo. London, 
1848 . . . .180 

llolur. Analyse chimique k Paide des Uqneurs titres, traduit de Pallemand par Forthomme. 

8vo. Paris, 1868 . 1 80 

Molgno, Pabbe* Manuel de la Science. Annuaire du Cosmos, ler Ann4e en 2 parties. 

1-^mu. Paris, 1869 . . * . . . . . 1 00 

Uonckliowcn (D. Vitn.) Nourean procede de Photographie sur plaques de fer etc. 8row 

Paris, 1858 1 88 

Bfonklu>weia« RApertoire Q6n6ral de Photographic pratique et th6oriqne. 1 rol., et Atlas. 

Seme edit. PUris, 1869 2 28 

Mortimer* I'yrotechny. 8rd edit 12mo. London, 1856 . 1 00 

Ualder (Q. J.) The Chemistry cf Wine. Edited by H. a Joosa. 12mo. London, 1867 . 1 62 

BaXUiere BrMhersy 4AXi Broadway J J^. IP. 
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BI«llcr. PriaeiplM of PhjKies and Meteorology. Br J. MuUar, ILD. lUoi trated with ftSO 

woojcata and 2 colored platea. 8vo. London, 1847 . $4 00 

VadAolt de Buffon* Count d^acrricultore et d'Hydranliqoe agrieole. 8 roU. 8vo. 

av«9c figures et plancbos. Paris, 1859 . . 00 

Vapler. Manual of Electro-Uetallurgy. 3rd edit. 12mo. figures. London, 1867 . .100 

H<Mul (HaBIO A manual of Electricity, Including Galranisro, Magnetism, Magneto-Electri- 
city, «te. 4lh edit. 8vo. Illuatrated. London, 1860-57, reduced to . 8 60 

Vormaiidbjr (A*) The Chemical Atlas, or Tables j nhowing at a glance the operations of 

Qualitative Analysis etc., oblong folio. London, 1867 6 03 

■ The DictionarieM to the Chemical Atlas ; being a dictionary of simple substances, etc , 

and a dictionary of Testa and reagents. 12mo. London, 1857 . . » . 2 Oo 

^— — > Tableaux d*Ana]yse chlmique. 4ta , arec flgnres. Paris, 1868 .6 63 

Blortlkoote itnd Church. A Manual or Chemical Analysis (Qualitatire). 12mo. Ijondon, 

1858 2 OS 

OditrC* Amp41ographie unircrselle, ou Traite del oepages les plua estimAs dans tons les 

▼tgnoble.4 de quclque renom. 4eme edit. ]*aris, 1859 . . . . . 1 80 

Orfil* (!<•) Lp9on8 de Toxioologie. 8ro. Paris, 1868. ..... 76 

Om Circle of Sciences* Vol. 7. Practical Cliemistry : including the theory and 

f>ractice of electro-deposition; Photographic Art; the Chemistry of food,jetc. 8vo. 
ilostrated. London, 1856 . . . . . . . . . 1 60 

Otte* Landscape Photography. Neir edit 12mo. London, 1860 . . ' . 76 

OUo (J.) Manual of the Detection of Poisons by Medico Chemical Analysis. By J. Otto, 
ProfeiMor of Chemistrr in Brunswick, Germany. Edited with Notes b^ W. Eiderhorst. 
With illustrations. l':!mo. New York, 1867 1 76 

Parkinson (S.) A treatise on Optics. 12mo., illustrated. London, 1859 . . 3 00 

Pajren. Precis de Chimie Industrielle, nour. edit. Tome ler et Atlas en 8ro. Pari«i, 1850 

pour I'ourragc complet en 2 vols. . . . . . . . . 5 03 

Payen (A») Trait4 complet de la distillation des nrineipales substances qui pen vent fournir 

doralcool. 8vo. , avec figures et planches. Paris 1858 . .180 

Peclet (Et,) Trai14 de la chaleur consider^e dans ses applications. Some edit. Tomes 1 ct 

2 e • 8vo., avec figures. Paris, 1859. Pour I'ouvrage complet en 3 vols. . . 60 

Prlouse, Traite de I'Eclairage an Gas tire de la houiUe, des bitumes, des lignites, de la 

t(>uit)e, etc. 8vo. , et Atlas de 28 planches. Paris . . . .3 00 

' Fabrication da Coke et du Charbon de Tourbe. 8to., avec 4 planches. Paris . 100 

Pelouse ct Fremjr. Traite de Chimie ^enerale, comprenant les applications de cette 
Science a i'Aaalyiie Chimioue, a I'lndustne, a I'Agriculture et a rUistuue Naturclle. 2eme 
Edition. 6 vols, et Atlas de planches in 8vo. Paris, 185-^57 . . . . 10 80 

Pelooso ct Frcmjr. Abrege de Chimie. 4e Edition. 18mo., illustrated. Paris, 1850 186 

PhtUlps. I^inciplei of Agriculture, especially Tropical, and of Organic Chemistry. 8vo. 

London, 1859 . . . . . 2 00 

Phllosoplijr In sport made Science In earnest. 8th Edition. London, 1857 . 2 60 

Photc^praphlc Art Annual for 1839. Folio. London, 1869 . . 6 08 

PliOtOffraph, How to color a. 12mo. London, 1859 ..... 30 

niotographjr, A catechism of. 12mo. London, 1869 ..... 80 

Pliotopraplilc News; a weekly record of the progress of Photography. Edited by W. 

Cruoke^. Vol. 1. 4to. London, 1859 . . . . . . 2 26 

Pierre (J.) Chimie agrieole; on I'Agriculture consideree dans ses rapports principaux 

avec la Chimie. 2e iuiition. 12mo. Paris, 1858 . . . . . . 1 00 

Plesae (G. IV.) Chymical, Natural, and Physical Mag^c 12mo. London, 1S59 . . 1 00 

Plesse (S.) The art of Perfumery, and the method of obtaining odors of plants ; with in- 
structions for the Mauufacture of perfumes for the Handkerchief , Dentifrices, Pomatumn, 
etc. 2nd Edition. 12mo. London, 1867 . . . . . . . 2 26 

Pitt. How to brew good Beer. 12mo. London, 1859 . . 1 26 

Pogpiflale (A. B.) Traite d'ana1y«'* chimique par la methode des rolumes, comprenant 
I'unalyite des gaz et des metaux, la cli\orumetrie, Palealimetrie, etc. 8vo., avec 171 fig- 
uren. Paris, 1858 . . . 2 00 

Preaumont (F. de) Manuel pratique d essai par la voie seche, a Pusagc des essayeurs. 

12mo. , avec une planche. Paris, 1858 ....... 76 

Prendeirllle. Photographic Facsimiles of Antique Gems, formerly possessed by the late 

Prince Poniatowsky. 1st Series. 4to. London, 1858 . . 66 70 

Price (I«alKe.) A Manual of Photwraphic Manipulation, treating of the practice of the 

Art and its various applications to Nature. 12mo. Ijondon, 1868 . 1 84 

Bedirood*s Grajr^s Supplement to the Phanuacopceia. 3rd Edition. 8vo. Lon- 
don, 1866 00 
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Rcgnanlt (M. H«) Coura elemenUire de Cbimie, a rusag« det facnltes, tte. Seme Edit. 

Tomen 1,2,8. 12iiio. Pftiia, 1868. Poor I'onmge complet m 4 vola. .$4 60 

Refpiaalt. An DemenUrjr Treatiae on Cnratallographyi illuatnttd with 108 wood en- 

gi-avingM, printed on blaclc ground. 8to. London, 1848 ..... 76 

Held. Rudiments of Chemistrj, with Illustrations of the Chemistry of Daily Life, by D. B. 
Hoid, M.I)., Lecturer on Chemistry, formerly one of Her Majciity's Commiiwionera for the 
Health of T wn^ in Kngland. 4th Edition, with 130 woodcuts. 12mo. 1850 . .62 

Rhain (IV. I<.) The Dictionary of the Farm; rerised and edited by H. Ray ubord. New 

Kditiou. ]'2mo. London, 1868 . . . • . 1 86 

RUTand. Nouveau manuel du teinturier. Nouv. Edit. 12mo. aTec6 planches. Paris, 

185U »0 

Rtwot. Principes generaux da traitement des minerais Metalliques. Tome ler. Metal* 

liirgie du cuivre. 8vo. , avec 4 planches. Paris, 1869 . . . .2 26 

Robtqaet^ tfannel theorique et pratique de Photographie sur collodeon et sur albumine. 

18m). Parirt, 1859 . . . . . . . . . 1 26 

Rogers (S. B.) An Elementary Treatise on Iron Metallurgy, up to the Manufacture of 
I'udtlleU DatA, &c., with Analytical Tables of Iron-making Materials. 8to., with 20 4to. 
platen. 1857. . . . . . . . . . 6 00 

Roj^ra. Fact<i and fallacies of the sewerage of London and other large towns, with plans, 

eltfvationN and Heciions. 8vo., with 8 plates. I/>ndon, lb67 . . . 1 00 

RolM&rt (F.) Guide de la fabrication economique des engrais an moyen de tons les el»> 

mentM qui peuvent fttre avantageusement employ 6.<i en Ag^eulture. 8to. Parin, 1858 . 1 80 

Rose (II.) Trait6 complet de chimie analytique. Tome ler. Analyse Quaiitatire. 8to. 

Pari-s, 1859. . " . . . . . . . - 2 70 

L'ouvrage aura 2 vols. 

Balvetat (A.) I>^ns de ceramiqne profea<6e8 k I'ecole centrale des arts et manufae- 

turen. ou Technologie ceramique. 2 vols. 12uno. Paris, 1857 . . • .8 24 

Salvctat. Histoire et fabrication de la Porcolaine chinoiite, traduit du chinois par S. 
JuliioD. Augmented'un m^moire sur la porcelaine du Japon traduit du Japon par J. 
HiitTman. 8vo., avec 14 piauches. Paris, 1850 . . . . .8 16 

ScolTern. Clieraiiitry of Inorganic Bodies. 12mo., illustrated, London, 1856 . .100 

Bcoffern, Tmran and otlicrt. The u^i^ful metals and their alloys including Iron, 

Copi»er, Tin, Lwid, Zinc, Antimony, etc. 8vo., illustrated. London, 1857 . . 2 00 

Scoreabjr (W.) Journal of a Voyage to Australia and round the world for magnctical re* 

seaicli. 8vo. London, 1859 . . . . 8 24 

Bherratt. A popular treatise on the origin nature and properties of Ught. 12mo. London, 

1859 ............ 00 

SIcard (A.) Monographle de la Ganne ii sucre de la Chine, dite Sorgho k snore. 2eme 

edit, augment Ae. Tome ler. 8to. Marseille, 1858 . . . . . . 1 86 

L'ouTrage aura 2 toU. 

Simon (J. F.) Animal Chemistry, translated by Geo. R Day. 2 rols. 8to. London, . 4 20 

Solly (fi.) Introduction to Rural Chemistry. 3rd edit. 12mo. London, 1860 . 1 60 

Bomerrille (BI.) On the connection of the Physical Sciences. 0th edit, completely re- 

▼i.Mid. London, 1859 . . . . . . 2 48 

Bonbclran. Traits de Pharmacie theorique et pratique. 6emeedit. 2 toIs. 8to., areo 

figure.<). Paris, 1857 . . . . . . • • . 8 88 

Sparling and Martin* Photographic Art, its theory and practice. Revised and 

corrected by Mtrtin. 8vo. London, 1859 ....... 76 

St« Claire Dewllle* L' Aluminium. Ses propr!4t4s, aa fabrication et sef applications. 

8vo. Paris, 1850 . . . . 1 00 

Stegsal (jr.) A medical manual for apothecaries' Hall and other Medical Boards. 12th. 

edit. 12mo. I/)ndon, 1859 . . . 2 70 

Stcggall (J.) First lines for chemists and druggists Sfid edit. 18mo. London, 1867 . 1 00 

Stereoscopic DIagamlne ; a gallery of lAndRcape Scenery, Architecture, Antiquities and 

Natural History. Vol.1. 8to. London, 1859 ..... 1284 

Satton (T.) A Dictionary of Photography 8vo. , illostratM. London, 1858 .2 00 

Tennant and Mltclkell. Mineralogy and Crystallographr, being a classiflcation of 
Cryittai-* after their form and of minerals after their chemical composition. 12mo. Lon- 
don, 1857 • 90 

TcMler (P.) Chimie Pyroteefanique, on trail 6 pi-atique des feux color«.<<. Suivi d'un petit 
traits s|)ecial pour la fabrication des pastilles simples et des pastilles diamants. 8vo. 
Parit, 1858 . ... . . . . * . . 1 80 

Ti&omaon. Chemistry of Organic Bodies — ^Vcfretables. By Thomas Thomson, M.D., F.R.S. 
L. & K., Regius Pro^ssor of Chemistry in the University of Glasgow. 1 large vol. 8vo. 
pp. 1002, bds. London, 1838. . 00 

Heat and Electricity. 2nd edit. 1 vol. 8ro., illustrated with woodcuts. London, 
1869 . . 8 76 
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Tlflsler (Ch. et A*) L'aluminium et les meUax alcalins. Reeherehea lar lean proi^l^ 

t^s, procAde« d'extraction et lean tuages. rimo., aveo figures. Paris, 1858 . .9100 

Vernois et OraMi* MAmoires nur lee appareila de ventUation et de chaaflkge etablia k 

l'h5[iital Necker. 8to. Paris, 1859 87 

Violette. Nouvelles manipulations chlmiqaes simpUflces. Nouv. edit. 8to., avec figures 

et nne planche. Paris, 1858 . . . . . . 1 80 

Webster (W») The recurring monthly Period and Periodic sjstcm of the atmospheric 

actions, with evidences of the transfer of Heat and Electricity. 8to. London, 1857 . 2 80 

Wllkle (G.) The manufacture of Iron in Great Britain ; with remarks on the employment 

of capital in Iron- Works and collieries. 8yo. London, 1857 . . . .2 03 

WllkliUM)!! (jr. G.) On color and on the necessity for the diffusion of taste among all 
classes ; with remarks on laying out dressed or Geometrical Gardens. Examples of good 
and had taste. 8vo. Illustrated by woodcuts and colored plates. London, 1858 . 4 80 

Will (H.) Tables pour Panalrsa chlmique qualitatire. Traduitde I'AUemand par J. 

Rissler. 4to. Mulhouse, 1856 . . . . . . . 1 00 

-— - Guide pour I'analyse chimique iPuRago dee mddicins pharmaciens,etc., traduit 

d*aprAs la Seme edit. Allemande par J. Rinler. 8to. Paris, 1857 . . 1 00 

Will lama (C. W.) Treatise on Combustion of Coal and the prevention of smoke, 
chemically and practically considered. With an appendix containing report on the New- 
castle Steam Coai. 12mo. London, 1858 ....... 90 

Williitii&s (C. O.) A Handbook of Chemical Kanipulation. 8ro., illustrations. London, 

1857 ... 4 00 

DtTodbler (F.) Elements de chimie {noi:ganique et organique. Traduit de PAllemand 

par Grandeau. 8vo. Nancy, 1858 . . . . . 1 80 

»niuinn (W. F. A<) Les PhAnomdnes de la nature, Icura lois et lenn applica- 
tions aux arts et k rindustric. D'aprds TAIlemand de Valerius. 2 vols. gr. in 8to., 
avec figures. Bruxelles, 1858 . . • • • • • 8 00 



NOTICE, 

In order to facilitate the transaction of business, 
and to settle the question of discounts, we beg to 
remark that we have reduced our rateSj and that 
the prices attached to the books in this List are the 
lowest that we will take. Our terms at such prices 
is Cash with the Order, and positively no further 

r 

discount will be allowed. 

•^* Persons having an open account with ns will be charged at the old 
rates, or about 12 per cent, advance on these prices. 

Books not in stock can be imported from London in about five weeks, 
aod from Paris in about six weeks. 

BAIL.L1ERE BROTHERS, 

440 Broadway, N. T. 

Snropean Ageneief : 
London : 219 Regent Street | Paris : 19 Rue Hantefsoillt. 

Madrid : 11 Calle del Principe. 
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